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Abstract 

Three alkenes, (R/S)-2-phenyl-4-vinyl-4,5-dihydro-oxazole (11), (4R)-3- 

N-t-butoxycarbonyl-2,2-dimethyl-4-vinyloxazolidine (1 2) and (2F)-2-(N-t- 

butoxycarbonyl)aminobut-3-en-1-ol (13), have been prepared from (S)

serine and used in cycloaddition reactions with some common nitrile 

oxides, to investigate the effect of an allylic nitrogen at an a-chiral centre 

on it-facial selectivity. 

Alkene (11) was prepared in racemic form after an unexpected 

racemisation during its synthesis. Cycloaddition reactions with three nitrile 

oxides (benzonitrile oxide, ethoxycarbonylformonitrile oxide and 

bromonitrile oxide) furnished the isoxazoline/oxazoline adducts in poor to 

good yield. it-facial selectivity varied from 69:31 (BrCNO) to 82:18 

(Et02CCNO) in favour of the (5R,4'S) erythro product. The 

stereoselectivity has been explained by both a steric transition state 

model and by the existence of a stereoelectronic contribution to the 

stability of the transition state. 

Alkene (12) afforded good yields of cycloadducts with the same three 

nitrile oxides, but only gave moderate it-facial selectivity (ca. 66:34); the 

(5R,4'S) eiythro products were again favoured. The diastereomeric 

products were separated after partial deprotection of the n-amino-alcohol 

moiety (deacetonisation). The observed it-facial selectivity has been 

explained by a steric transition state model. 

The N-protected vinylarnino-alcohol (13) has been reacted with 

benzonitrile oxide and ethoxycarbonylformonitrile oxide to give the 

corresponding cycloadducts in moderate yield. it-facial selectivity was 

poor, and the (5S,2'S) threo isomer was favoured. The reduction and 



reversal of it-facial induction has been explained by a hydrogen bonding 

interaction in the transition state. 

Two examples of chiral heterocyclic nitrile oxides (39) and (41) which 

correspond to the two heterocyclic alkenes have also been prepared, 

each of which represents a protected chiral j3-amino-alcohol nitrile oxide. 

(4R)-3-N-t-butoxycarbonyl-2,2-dimethyloxazolidi ne-4-carbonitrile oxide 

(39) was generated from the corresponding oxime (40) and reacted with 

three olefins: styrene, oct-1-ene and diethylfumarate, affording the 

cycloadducts in poor to good yield. 

(R/S)-2-phenyl-4,5-dihydro-oxazole-4-carbonitrile oxide (41) 	was 

generated by dehydration of the corresponding nitromethyl heterocycle 

(42) and reacted, when formed in a low steady state concentration, with 

styrene and oct-1-ene to give moderate yields of the bis-heterocyclic 

adducts. When the concentration of the nitnie oxide was not controlled by 

the slow addition of the precursor, the diastereomeric furazan- N-oxides 

(45a & b) were the only isolated products. Isomer ratios for both nitrile 

oxides were Ca. 1:1. 

Finally, five examples of isoxazole- and isoxazoline-3-aldoximes have 

been prepared, and conditions established for their conversion to the 

corresponding 3-carbonitrile oxides. In situ generation with sodium 

hypochlorite and N-chlorosuccinimide/triethylamine proved most 

successful. A series of bi-isoxazoles, isoxazole/isoxazolines and bi-

isoxazolines have been prepared in moderate yield as potential lubricant 

additives. 
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1. Introduction 

1.1. 1.3-Dipoles 

The category of compounds known as 1,3-dipoles was first classified by 

Huisgen in 1958.1  They are defined as a three atom it-electron system, 

over which is delocalised four it-electrons. 2  Such systems are 

isoelectronic with the allyl anion. 

The traditional representation of the 1,3-dipolar structure, a+.bc,  is 

drawn such that atom a posseses an electron sextet, while atom c 

provides an unshared pair of electrons. Although compounds with an 

electron sextet on carbon, oxygen or nitrogen are unstable, in 1,3-dipolar 

systems stabilisation is possible if the central atom b is capable of 

donating a pair of electrons, thus establishing an all octet resonance 

hybrid3  (scheme 1). 

a b+—C-  b=N 

%%.bC- 	 a 
	 b=N or 0 

scheme 1 

If the central atom is carbon, octet stabilisation is impossible and so 1,3-

dipoles of this type are highly reactive short lived spieces, often 

displaying reactions of carbenes and nitrenes (scheme 2). 

It is important to note that the term 1,3-dipole does not imply any formal 

localisation of charge at these positions; instead it reflects the propensity 

of the species to undergo cycloaddition reactions with unsaturated 



systems via these termini. Experimentally determined dipole moments 

thus tend to be much lower than those which are calculated, reflecting 

the effective charge delocalisation through the it-system 4  (table 1). 

	

I 	 I 
Imlnocarbenes 	 N.._ 	- —CN- 

I 	 I 
Iminonitrenes 

scheme 2 

Table 1. Calculated and experimentally determined dipole moments 

	

Propargyl 	 Allenyl 	 Experimental 

Diazomethane NN4 —CH2 N=NCH2 	NN=CH2  
62( 	) 	 5.5(..—) 

	
1.5 (-.m-4 

Hydrogen Azide NN-NH NN'=NH 
	

NN=NH 

	

SO(—) 	 5.4(--4 
	

O.85( 

Fulminic Acid HCN'—O 	HC=NO 
	

HCN=O 

	

5.6 (...-4 
	

3.15 

1,3-Dipoles can be divided into two separate classes, those which 

posses an orthogonal it-bond (propargyl-allenyl anion type) and those 

which do not (allyl anion type) (fig. 1). Some examples of the two different 

categories (which have oxygen and nitrogen centres) are shown in table 

2. 



(a) 
	

(b) 

Fig. 1 Types of 1,3-dipoles: (a) with, and (b) without 

an orthogonal double bond. 

1.2. 1.3-121polar Cycloaddition Reactions 

A 1,3-dipolar cycloaddition reaction is the coupling of a 1,3-dipole with a 

multiple bond system, the dipolarophile, to form a five membered 

heterocyclic ring (scheme 3). A variety of multiple bond systems can act 

as dipolarophiles eg CC,CN,CS, CC, C=—N.  

71 
	

\d ...- e 

scheme 3 

1.2.1. Mechanism 

The mechanism of 1,3-dipolar cycloaddition reactions has been the 

subject of much controversy over the past 30 years. Firestone 69  

proposed and defended a two step mechanism (scheme 4, path A) 

involving a discrete spin-paired diradical intermediate, while Huisgen 10- 

13 championed the concerted process involving no intermediate, with 

simultaneous, but not necessarily synchronous, formation of the two new 



Table 2. Some common 1,3-dipoles 

Propargyl-allenyl type 

NItrillum betalnes 

_C'N4 :C( 	Nitrile ylides 

-C=-N+-N-  ' 	 Nitrile imines 
\ 	 \ 

-C=-N+-O- 	-CN':O 	Nitrile oxides 

Dlazonlum betalnes 
, __ 

NN4 C - 	- N=N:C 	Diazoalkanes 

NN4 N 	NNI:N 	Azides 

N=-N+-O- 	 N=N:O 	Nitrous oxide 

Allyll anion type 

With central nitrogen 

Azomethine ylides 

)CN+N\ 	 Azomethine imines 

1 	 Nitrones 
'I 	'I 

With central oxygen 

* I.F)C.. O+:C( 	Carbonyl ylides 

)C0+N.. 	 Carbonyl imines 

00'O - 	- O-O':O 	Ozone 

4 
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a-bonds (scheme 4, path B). 

A two step process involving a zwitterionic intermediate (scheme 4, path 

C) in which the two new a-bonds are formed in a stepwise manner has 

been rejected on the grounds that there is very little difference in the 

reaction rate for non-polar and polar solvents. A greater rate would be 

expected in polar solvents, due to enhanced stabilisation of the charged 

intermediate. The observed stereospecificity of 1,3-dipolar cycloaddition 

reactions also casts doubt on the zwitterionic mechanism, 14  since 

rotation about the d-e bond would result in the loss of the dipolarophile 

stereochemistry in the cyclic product. 

C 
a 

Ir 

	

,b ......l 	A 
a 	I 	a 

'dee . ] 
A 

A 

de 

B 

scheme 4 

Huisgen15 16  has shown that the zwitterionic process is not the general 

mechanism for 1,3-dipolar cycloadditions by demonstrating that it can 

only operate in extreme cases. Thiocarbonyl ylides were chosen 

because of their very high it-molecular orbital (MO) energies, 

approaching those of the allyl anion, along with an electron deficient 



dipolarophile, dimethyldicyanofumarate (2) which has very low 7r-MO 

energies. The reaction is thus very strongly dipole-HOMO controlled, 

rendering the energy contribution from the formation of the second bond 

so low that it can no longer account for the large negative entropy of 

activation (Fig.2) ; this forces the reaction into a zwitterionic mode with a 

resulting loss of stereochemistry in the products. Reaction of thiocarbonyl 

ylide (1) with the trans-alkene dimethyldicyanofumarate (2) afforded 

cis-adduct (3) as well as the trans-product (4) (scheme 5). 

E 

- 	 I 

'I 

	

LU3 	

I 

I 
5%  

LU 

I, 	

I 

I 	

I I, 	

I 

I 	 I 	g 

. 5 

	

HO 'i'2 	

- 

I 
'I 

S 5% 	

5 5% 	

I I 
5 
I 
I 
I 
I * 

	

'Ill 	
I 

I 

I 
I 
I 

AE I xV, HO 

Fig.2 it-HO-LU interaction for a strongly dipole-HO controlled reaction 
showing the small energy contribution from the formation of the 

second a-bond. 



MeO2C 
> < CN NC 	CO 

OZZ  

CH2  
\_, /s-_ 	

THF, 40°C, Mrs. 

N 
	

442 

(2) 

(1) 

OZZ  
)CO2Me 

CN 
MeO2Cs"( 

CN 

MeO2C CN 

(3) 

CO2Me 

NCI,.7CN 

CO2Me 

OK
?Shh1CO2Me  

NC CO2Me 

scheme 5 	 (4) 

1.2.2. Concerted versus Diradical 

As has been previously mentioned, this aspect of 1,3-dipolar chemistry 

has been the subject of heated debate over the past two decades. The 

main argument for the concerted process is based on the 

stereospecificity which is observed in these reactions. This is consistent 

with a system which obeys the Woodward-Hoffmann rules for the 

conservation of orbital symmetry. 14  

Huisgen 12  argues that the retention of alkene stereochemistry in the 

cyclic adduct can only be explained by a concerted process in which 

both of the new a-bonds are being formed at the same time, even if they 

are not equally advanced. This mechanism which requires a highly 

ordered transition state would also explain the large negative entropies 



of activation which are observed for these reactions. 

Firestone has countered that the stereospecificity could equally well be 

explained by a two step sequence, if the spin-paired diradical 

intermediate has a greater activation energy for a single bond rotation 

than the barrier to ring closure 6  (scheme 4, path A). This argument is 

extended to address the entropy question; the explanation being that a 

highly orientated intermediate is required for ring closure to occur, if this 

requirement is not satisfied then dissociation to reactants will provide an 

alternative path. 

It is further contended by Firestone 6  that for acetylenic dipolarophiles an 

enhancement of rate would be expected with respect to analogous 

olefins as a result of the formation of an aromatic ring, a portion of the 

aromatic stability being present in the transition state. This is not in fact 

observed, acetylenes being generally less reactive. He claims that this is 

an argument for a two step process in which the formation of the aromatic 

nucleus is delayed until after the rate determining step. 

Huisgen responded by proposing that the transition state for the 

concerted process resembles an orientation complex, and as such is not 

planar (Fig. 3); profit from the aromatic stabilisation cannot be realised 

until the middle atom of the 1,3-dipole moves towards the plane of the 

ring. 

The regioselectivity of these reactions was for a while considered to be a 

strong argument for a diradical mechanism, however, frontier molecular 

orbital (FMO) theory provides a good explanation for the observed 

outcome of these reactions, based on the polarisation of the frontier 

molecular orbitals (see sect. 1.2.4). 



Fig. 3 

1.2.3 Reactivity. 

While the Woodward-Hoffmann rules can be used to explain the 

mechanism of 1,3-dipolar reactions, they do not allow any assessment of 

reaction rates to be made. 

The rate of a cycloaddition reaction is proportional to the stabilisation 

energy gained on formation of the transition state. This in turn is 

proportional to the square of the area of overlap of the interacting FMOs, 

and inversely proportional to the energy separation of those orbitals. 

Thus, the smaller the energy gap between an interacting pair of FMOs 

the greater is the energy of stabilisation (Fig. 4). 

LU 
I 

	

I 	 I 

	

I 	 I 

	

I 	 I 

	

Ho , 	I 

AE 
I 

I 

_ HO 

LU  
S______ LU I __________________ 

	

I 	 I 

	

I 	 I 

	

I 	 I 

	

I 	 I 

	

I 	 I 

HO 	, I--- 
HO 

S 
5 - 

LU 

 Fig. 4 
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With this simplified model and the limiting scenarios arrived at by 

Sustmann1719  (Fig. 5), it is possible to rationalise the observed 

reactivities of 1,3-dipoles and the effect of substituents on both of the 

reacting fragments. 

LU  

LU 
HO 

PENERRil  

Dipole 	Dipolarophile 

Sustmann type 1 

Dipole HOMO controlled 

LU 

0D HO  
Dipole 	Dipolarophile 

Sustmann type 2 

Dipole HOMO & LUMO 
controlled 

LU 

HO 
HO 

Dipole 	Dipolarophile 

Sustmann type 3 

Dipole LUMO controlled 

Fig. 5 

It now becomes appQrnt that for Sustmann type 1 systems (dipole 

HOMO controlled), conjugating and donating substituents on the dipole 

and conjugating and withdrawing groups on the dipolarophile will 

enhance reaction rates, while the reverse is true for Sustmann type 3 

systems (dipole LUMO controlled). The reaction rates of Sustmann type 2 

systems are enhanced by donating, withdrawing, and conjugating 

substituents. 

1.2.4 Regioselectivlty 

In 1968 Huisgen12  suggested that the regioselectivity of Diels-Alder and 

1,3-dipolar cycloaddition reactions represented one of the major 

unsolved problems in the area. As for many other facets of this field of 

chemistry, FMO theory provided a credible explanation. 

The non-symmetrical nature of 1,3-dipoles and substituted dipolarophiles 
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means that the magnitude of the coefficients of each molecular orbital are 

not equal as is the case for ethylene (Fig, 6). 

AdWA 
MOEN 

1 0 
HOMO 

0.707 	 0.707 

Fig. 6 Coefficients of ethylene 

For a pair of interacting FMOs it is most favourable for orbitals with large 

coefficients to combine and for orbitals with small coefficients to interact 

with each other (Fig. 7). Thus a knowledge of orbital coefficients and 

FMO energies for dipoles and dipolarophiles, many of which have been 

calculated,2021  allows the dominant interaction to be determined and 

therefore the regiochemistry of the adduct to be predicted. 



Favoured 

R 

Disfavoured 

12 

Fig 7. 

1.2.5 Stereoselectivity 

The stereoselectivity of 1,3-dipolar cycloaddition reactions is one of the 

most potent arguments for a concerted mechanism (sect. 1.2.1 and 

1.2.2). When 1,3-dipoles combine with 1 ,2-disubstituted olefins, the 

stereochemistry of the dipolarophile is carried through to the heterocyclic 

adduct (scheme 6). This is one of the factors which makes this type of 

reaction synthetically important for many dipoles. 

ai b  

R2  

R 1   
R2 

R1  

+

2  
R1 	

R 

scheme 6 
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1.3. Nitrile Oxides 

1.3.1. History 

The parent nitrile oxide, fulminic acid (HCN 4 -O) was prepared as 

early as 1800, 22  while probably the most widely used member of the 

series, benzonitrile oxide (PhCN-O) was first reported in 1886.23 

Cycloaddition reactions of nitrile oxides with alkenes were first 
U 

discovered by Q,lico around 1950. Later the pioneering work of Huisgen 

led to much greater understanding of these reactions. 

In the 1970s a great deal of attention was focused on the theoretical 

aspects of nitrile oxide cycloaddition chemistry, and the work of Houk 2021  

and Sustmann1719  allowed the observed reactivity and regiochemistry to 

be explained. 

During the next decade attention turned to the use of nitrile 

oxide/isoxazoline chemistry as a synthetic route to a variety of acyclic 

functionality; most prominent in this field are the names of Curran, 24  

Jager,25 26  Kozikowski,27  and Torssell.28  This in turn led to the 

investigation of asymmetric induction in cycloaddition reactions of nitrile 

oxides with chiral alkenes. 

1.3.2. Electronic Structure 

Nitrile oxides are members of the propargyl-allenyl subset of 1,3-dipoles, 

possessing an orthogonal it-bond. Their structure can be represented by 

a series of resonance hybrids (Fig. 8). The heteropropargyl and 

heteroallenyl structures, a and b, are the only canonical forms in which 

all atoms possess a full octet of electrons, and are considered to be the 

most important contributors to the overall electronic picture of these 1,3-

dipoles. C and d show the typical 1,3-dipolar structures. 
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-* - HC- =N+ =0 - 	- HC=N —0 
a 	 b 	 C 

00  HC-=N —0 _ 	HC—N =0 	HC=N 0 
d 	 e 	 f 

HC-=N+—+O- 

9 

Fig 8 

1.3.3. Generation 

Cycloaddition reactions with nitrile oxides are most commonly carried out 

with the dipole being generated in situ in the presence of the 

dipolarophile. Regardless of the source of the nitrile oxide, reactions are 

usually structured to allow slow generation of the intermediate, thus 

maintaining a low steady state concentration and minimising competing 

dimerisation to the furoxan (furazan-N-oxide) (scheme 7). 

Two methods of nitrile oxide formation find widest usage: oxidation of 

aldoximes and dehydration of primary nitroalkanes. A few other less 

generally applicable procedures have also been developed; these are 

mentioned at the end of this section. 

1.3.3.1. Oxidation of Aldoximes 

Oxidation of aldoximes to nitrile oxides is most often a two step 

sequence, involving initial chlorination to the hydroximoyl chloride 

followed by dehydrochlonnation (scheme 7). In early work chlorination 

was achieved by treatment of the aldoxime in an inert solvent at low 

temperatures with chlorine gas. 29  This procedure is still used, however, 

this imposes limitations on the nature of the functionality which the 
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aldoxime and ultimately the nitrile oxide can carry. With this methodology 

the aldoxime cannot possess unsaturation, 30  ketones,31  and some 

aromatic rings.30 32  For example thiophen-2-aldoximes afford, on 

treatment with chlorine, 5-chlorothiophen-2-hydroximoyl chloride. 33  

Many milder chlorinating procedures have since been developed to 

widen the scope of this route; nitrosyl chloride 3334  has been used as a 

selective chlorinating agent, as have sodium hypochlorite 35  and sodium 

hypobromite. 36  The latter two reagents combine the halogenation and 

dehydro halogenation steps, and allow sensitive functionality such as 

double bonds to survive intact. 

N-bromosuccinimide37  (NBS) and N-chlorosuccinimide 38-40  (NCS) have 

both been used to halogenate aldoximes even in the presence of 

alkenes, various heterocycles and methoxylated aromatic rings. 

Recently nitrile oxide cycloadditions have been carried out using 

chloramine-T to generate the dipole directly from the aldoxime. 41  This 

conversion is thought to proceed by chlorination of the oxime followed by 

base catalysed dehydrochlori nation. 

Bases which have been employed for the dehydroch lori nation step 

include sodium carbonate3  or sodium hydroxide in a two phase system. 

However, these have now been superseded by triethylamine 4243  which 

is added slowly in an organic solvent. 

Lead tetraacetate has been used for the direct convertion of syn-

aldoximes to nitrile oxidesA 

1.3.3.2. Dehydration of Primary Nitroalkanes (Mukaiyama's 

Primary nitroalkanes are dehydrated in the presence of isocyanates with 
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RCH2 NO 2 	 RCH=NOH 

EtN 
PhNCO 	 Chioramin 

Naocl 	
NCS/NBS 

Na2CO, NaOH 
I 

 

RC =—N+ 	EtN or 	
RCCI=NOH 

N 

~1~ 
%.o_ 	O- 

RCH(NO2)CO2 Et 

scheme 7 

catalytic quantities of triethylamine to afford nitrile oxidesA 5  This method 

accommodates a wide range of functionality although primary and 

secondary alcohols must be protected to avoid reactions with the 

isocyanate. The ready accessibility of primary nitro alkanes makes this a 

very important route to nitrile oxides. 

The mechanism of this reaction (scheme 8) is believed to involve initial 

abstraction by base of an a-hydrogen followed by reaction of the 

resulting nitronate anion with the isocyanate. 

1.3.3.3. Other Methods of Generation 

An alternative, but less generally applicable, approach to nitrile oxides is 

that developed by Shimizu. Nitrile oxides bearing ethoxycarbonyl, 

aminocarbonyl and alkyl substituents have been generated by 

thermolysis of the appropriate nitroacetates in refluxing mesitylene. The 

proposed mechanism is shown in scheme 9. 

Thermolysis of hydroximoyl halides in an inert solvent has been used to 
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0 
RCH2N 

0-  

EtN 	 0 
3 + 1Ir RCHN<'  •Et3NH 

0- 

0-
RHC =N( 

PhN=C=J 

RC=—N+-O-

+ PhNH2 + CO2  

R 	0-  
Et3N 4H >J-- \

RCH=N'  

 -Et3N 	H*) 	 o 
PhNj$ 	 Phz- 

scheme 8 

generate nitrile oxides in low steady state concentrations. 4951  This 

methodology takes advantage of the equilibrium between hydroximoyl 

halides and the nitrile oxide and hydrogen halides. 

Furoxans have also been subjected to thermolysis in refluxing solvents to 

provide a source of these 13-dipoles by cycloreversion. 5254  The 

temperature required is dependent on the nature of the substituents 

(scheme 7). 

o 	 0 	 R 	0 

RHC—C 	 RC-1p 
I 	'ORl 
	

OR1 	-R OH 	 0 
0-,,N+ OH 	 O" 

-CO2 

RCN-O 

scheme 9 



18 

1.3.4. Reactions 

1.3.4.1. Dimerisation 

Nitrile oxides when generated in the absence of a trapping speices 

usually dimerise to give furoxans (scheme 10). The rate of dimerisation is 

variable and depends on the electronic and steric influence of the 

substituents. Many sterically hindered nitrile oxides can be isolated and 

stored indefinitely, 55  whereas electron deficient analogues are prone to 

very rapid dimerisation. 

R 	R 

2 R—CN–O  
ss O 	•-.O.  

scheme 10 

Furoxan formation often occurs as a side reaction in cycloaddition 

reactions, necessitating careful experimental design to minimise its 

occurrence. 

Aromatic nitrile oxides can undergo an alternative dimerisation to 1,2,4-

oxadiazole-4-oxides (scheme 11). This usually happens under the 

influence of acid catalysis. 

Ar 

2 Ar—CN–O 
	

II" 

scheme 11 
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1.3.4.2. Rearrangement to Isocyanates 

Nitrile oxides can undergo a photochemical or thermal rearrangement to 

isocyanates.55  Thermally the process occurs between 110140 00, but is 

only cleanly observed when the nitrile oxide is resistant to dimerisation. 

Theoretical investigation of this reaction 56  suggests that it proceeds by 

the sequence shown in scheme 12. 

N: 
_____ / _____ 

RCN—O- 	RCN 	- RC 	 RNCO 

0 	 0 

scheme 12 

1.3.4.3. Cycloaddition Reactions (scheme 13 

1.3.4.3.1. With Alkenes 

Nitrile oxides undergo 1,3-dipolar cycloaddition reactions with alkenes 

affording 2-isoxazolines (4,5-dihydroisoxazoles) (5). The reactivity of the 

dipolarophile is enhanced by both electron withdrawing and donating 

substituents. Mono- and 1 ,1 -disubstituted olefins undergo this reaction 

with, in most cases, complete regiospecificity yielding the 5-substituted-2-

isoxazoline, while 1, 2-di substituted  alkenes tend to form mixtures of 

regiolsomers. 1,1 ,2-tri- and 1,1,2,2-tetra-substituted alkenes are much 

less reactive. 

One of the most important features of this type of reaction is its 

stereospecificity; 1 ,2-disubstituted alkenes undergo cycloaddition with 

complete retention of dipolarophile stereochemistry. The relative 

stereochemistry of the saturated carbons in the heterocyclic product is 

therefore determined by the geometry of the olefin. 
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(10) (9) 	
- 	 R 	
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R 	
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R ___________ 	 _ 
N 	

_ I RC=—N--671 	R 

(5) 

OXR  
(8) 	

O=< H. 

=\ R 
R R 

N,.\  

(7) 	 (6) 

scheme 13 

1.3.4.3.2 With Alkvnes 

Cycloaddition reactions of nitrile oxides with alkynes afford isoxazoles 

(6), the aromatic analogues of 2-isoxazolines. Monosubstituted alkynes 

give mainly the 5-substituted heterocycles; however, these dipolarophiles 

show a greater propensity to form the 4-substituted ring than does the 

corresponding alkene. Acetylenic dipolarophiles also show a lower 

reactivity towards cycloaddition, and in the case of aryl alkynes there is 

the additional complication of competing 1,3-addition products57  

(scheme 14). 
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RCN–O' + HCCAr 
R i)LAr+  

RC—C=CAr 
II 
NOH 

scheme 14 

1.3.4.3.3. With Carbon-Heteroatom MultiDle Bonds 

1.3.4.3.3.1. With Carbonvis and Thiocarbonyls 

Aliphatic aldehydes and ketones react with nitrile oxides to give 1,3,4-

dioxazoles (7) only in the presence of Lewis acid catalysts such as BF3-

etherate. 58  More activated carbonyl compounds such as aromatic 

aldehydes undergo this reaction in the absence of catalyst. 59  

Thiocarbonyl dipolarophiles show good reactivity towards nitrile oxides. 60  

61 The products, 1,4,2-oxathiazolines (8), undergo a thermal 

decomposition reaction affording isothiocyanates and the carbonyl 

equivalent of the dipolarophile, thus providing a method of converting 

thiocarbonyls to carbonyls.6062  

1.3.4.3.3.2. With Imines and Nitrites 

Both aliphatic 63  and aromaticM imines show good reactivity towards 

nitrile oxides, affording high yields of 1,2,4-oxadiazolines (9). The nitrile 

group is considerably less reactive, and while aromatic, heteroaromatic 

and electron-deficient nitriles give reasonable yields of 1,2,4-

oxadiazoles63 65  (10), aliphatic nitriles require activation with BF 3- 

etherate.58 
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1.4. 	Asymmetric Induction in Nitrile Oxide Cycloaddition 

Reactions 

During the past twenty years a great deal of attention has been focused 

on nitrile oxide cycloaddition chemistry, fuelled mainly by the potential 

source of acyclic functionality provided by the resultant 2-isoxazolines. 66  

67 This in turn has prompted interest in it-facial selectivity in the 

cycloaddition step, which would provide stereoselective routes to acyclic 

compounds. 

Much of the theoretical rationalisation of nitrile oxide cycloadditions with 

alkenes possessing a chiral allylic substituent has been provided by 

Houk. 68-72  These computational studies, which are supported by 

experimental evidence, suggest that the vicinal substituents in the 

transition state are staggered with respect to the forming C-O bond, with 

the largest group taking up the antiperiplanar conformation (Fig. 9). The 

major product arises from transition state A in which the medium 

substituent is in the less sterically demanding "inside" position. The 

diastereomer ratio increases as the size of the large group is 

increased 72 The minor product arises from transition state B. 

U 
L 

Major A 
Fig. 9 
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Especially high selectivity has been observed in nitrile oxide 

cycloaddition reactions with chiral allylic ethers.71 73  This is explained by 

the "inside alkoxy effect". The major erythro isomer is formed via the 

transition state in which the large group, as before, is in the 

antipenpianar position with respect to the forming C-O bond, and the 

alkoxy group takes up the "inside" position (Fig 10). 

Erythro 	 Threo 

Fig. 10 

The erythro-threo ratio increases as the large group becomes more 

bulky. This is proposed to result from an increase in the C=C-C-L 

dihedral angle which in turn brings the ethereal oxygen into closer 

proximity to the nitrile oxide oxygen in the transition state which leads to 

the threo product. It is also proposed that the alkoxy group avoids the 

anti position in order to minimise electron withdrawal from the electron 

deficient transition state by overlap of the COa*  orbital with the it-

system.71  

Cycloaddition reactions involving chiral nitrile oxides with achiral alkenes 

have also been investigated and have been found to give very poor 
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it-facial selectivity.74-76  This is thought to be a result of the remoteness of 

the existing asymmetric centre from the forming one. 

1.5. Ring Opening Reactions of 2-Isoxazolines 

Much of the current interest in nitrile oxide/isoxazoline chemistry is 

directed towards the functionality which is masked by the heterocyclic 

ring. The two most important systems which are available are from these 

rings are y-hydroxyamines and 3-hydroxyketones from which a,-

unsaturated ketones are accessible (scheme 15). 

0 OH 

RA  Rs4flR 

NH2  OH 

== R' ' (R 

scheme 15 

The features of 2-isoxazolines which make them particularly suitable for 

the role of synthetic equivalents are: their accessibility via 1,3-dipolar 

cycloaddition reactions, the absolute transcription of olefin 

stereochemistry to the heterocycle, the stability of the ring system to a 

variety of conditions and the lability of the N-C bond to mild reagents. 

This allows the isoxazoline ring to be constructed at an early stage in a 

synthetic pathway and then unmasked at an appropriate time. 

1.5.1 3-Hydroxvketones 

The most widely used method of generating 3-hydroxyketones from 2- 

isoxazolines is catalytic hydrogenolysis (scheme 16). These reactions 

are usually carried out in an aqueous methanol mixture with either Raney 
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nickel or palladium on activated charcoal as the hydrogenation catalyst. 

Boric acid 77  now seems to have gained widespread acceptance as the 

reagent of choice for promoting hydrolysis of the 3-hydroxyimine 

intermediate. Other reagents which have been used for this purpose with 

varying degrees of success include: acetic acid, 78  concentrated HCI, 79  

aluminium trichloride, 79  boron trichloride, 80  acetate buffers, 77  phosphate 

buffers, 77  and trimethyl borate. 77  

	

NH OH 1 	0 OH 

R 

R ,N 	
H2, Cat I 	R" 	

H20 

R)L('LR 

L 	Re 	
j 	 Re 

scheme 16 

The advantage of boric acid over other reagents is that yields are 

generally very good, no epimerisation of 4,5-di substituted isoxazolines is 

observed, and most acid-sensitive functionality survives exposure to it. 

However, the limitation of this methodology is that groups sensitive to 

hydrogenation cannot be present. 

Another compmentary method for achieving this transformation, based 

on the conversion of oximes via the imine to carbonyl compounds with 

titanium trichloride, 81  has been developed by Torssell.28  The reaction is 

most efficient when carried out at pH 3-4 and so may not be suitable 

when acid labile groups are present. Another transition metal complex 

promoted N-O bond cleavage involves the use of molybdenum 

hexacarbonyl in wet acetonitrile. 82  This procedure affords the - 
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hydroxyketone in good yield, and accommodates a variety of 

substituents. The proposed mechanism is shown in scheme 17. 

Treatment of 2-isoxazolines with ozone has also been used to effect this 

transformation. 79  

MO(CO)6 	I 	MO(CO)6 

MO(CO)6 	R 	
'- I \_( MeCN 

 

R' 	 R' 	L 	R' I 
HO 

if 

O OH 	H20 NH OH 

RLd,kR' 	 R 
 II 	I 
' 	"R' 

scheme 17 

1.5.2 'Hydroxyamines 

Reduction of 2-isoxazolines to y-hydroxyamines can be achieved upon 

treatment with lithium aluminium hydride (LAH) or by catalytic 

hydrogenation. 26  This conversion, unlike f3-hydroxyketone formation, 

involves a change in the oxidation level of the carbon skeleton, and as a 

consequence of this a new chiral centre is generated; thus a pair of 

diastereomeric 'y-hydroxyami nes results. 

Hydrogenation, which initially cleaves the N-O bond and then further 
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reduces the 3-hydroxyimine intermediate, shows poor erythro/threo 

selectivity, typically Ca. 60:40. In contrast LAH reduces first the C=N bond 

of the isoxazoline, and the N-O bond of the resulting oxazolidine 

intermediate is then cleaved. Diastereomeric ratios are much higher 

with LAH (scheme 18). 

Li 	 NI-112  OH 	 NI-112  OH AlH 	
+ 

R2  

R1 =R2=Ph 

R1 =R2=Me 

R1 =Ph, R2=Me 

R 1 =Me, R2=Ph 

95 5 

85 : 	 15 

95 : 

87 : 	 13 

scheme 18 

In LAH reductions the hydride is delivered from the sterically least 

crowded face of the heterocycle; expenments carried out on 3,5- and 3,4- 

disubstituted isoxazolines show a lower isomer ratio for the latter 

consistent with lower steric hind. rance for the 1,2-arrangement. 	Cis- 

4,5-di substituted analogues show an additive effect which results in good 

diastereoselectivity (scheme 19). 

The presence of oxygen containing substituents gives rise to other 

possible co-ordination sites for the lithium and so may reduce or 

enhance the selectivity depending on whether it is working with or 

against the steric effect 86  (scheme 20). Thus, when only alkyl or aryl 

substituents are involved stereoselectivity is purely a stenc phenomenon 
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NH2  OH 	 NH2  OH Ph 	 LiAIH4 	
Phlky_JhhhlMe + 

Ph(Me 
Me 	Me 	 Me 	 Me 

90 	: 	 10 

scheme 19 

R2 	

o 	Li .AI 	
NH2  OH 	 NH2  OH 

H4 	I 	1 
Rf"Y'"R1 + R2" 

(R3)H 	R1 	 H(R3) 

R1 =C14H, R2=CH3  88 : 	 12 

R 1 =C141-129 , R2=CH20H 58 42 

R 1 C14H29 , R2=CH20THP 78 : 	 22 

R1 =CH20H, R2=CH3  37 : 	 63 

R 1 =CH20THP, R2=CH3  72 28 

R1 =H, R2--Ph, R3=OH >90 : 	 <10 

scheme 20 

and co-ordination of the lithium and hence delivery of the hydride occurs 

from the less hindered face of the ring (Fig. hA). When an oxygen is 
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present on a substituent, attack from the sterically crowded face can be 

enhanced due to further lithium co-ordination with the exocyclic oxygen 

(Fig. 11B). 

Fig. 11 

Treatment of 3-unsubstituted-2-isoxazolines with base causes 

deprotonation and subsequent reaangement involving N-O bond 

cleavage to the 3-hydroxynitrile2887  (scheme 21), which in turn may be 

converted to the a, -unsaturated nitrile. 

Et3N 1 
 N 	

R Ac2O, A

II 
R 	Re 
	

HO 	Re 	 Re 

scheme 21 



all 

The same conversion has been achieved by thermal decarboxylation of 

isoxazoline-3-carboxylic acids which are readily available from the 

cycloaddition reactions of alkenes with ethoxycarbonylformonitrile 

oxide88-90  (scheme 22). 

0 
—R EtO2C 	

1.0H 
Et02CCN-O 	

2. H30 	HI 

A 	N—s> 
-CO2 	 HO 

scheme 22 

1.6. 	Modification of 2-Isoxazolines via endo- and exo- 

Azaenolates 

3,5-Disubstituted-2-isoxazolines undergo deprotonation at the 4-position 

when treated with a strong base such as lithium di-isopropylamide (LDA) 

at -78°C, to give the endo-azaenolate. 91  Quenching with an 

appropriate electrophile affords the 3,4,5-trisubstituted heterocycle with a 

high degree of stereoselectivity, attack coming from the sterically less 

hindered face (scheme 23). 
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scheme 23 

Jager94  has extended this methodology to include 4-hydroxylation of 2-

isoxazolines by treatment of the endo-azaenolate with trimethyl borate 

followed by oxidative work up (H 202  ortBuO2H). This affords the trans-4-

hydroxy heterocycle as the major product (>90%) (scheme 23). Allowing 

the azaenolate solution to warm to room temperature results in the 

formation of a43-enoximes 9193  (scheme 23). 

Generation of the endo-anion is most efficient when the 3-substituent 

does not possess an a-hydrogen; when it does, treatment with LDA 

followed by iodomethane results in a mixture of endo- and exo- 

methylated products. Reaction of 3,4,5-trisubstituted-2-isoxazoli nes 

possessing an a-methyl or methylene in the 3-position with LDA favours 

exo-azaenolate formation73 95  (scheme 24), due to slower kinetic 
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deprotonation of the endo-methine. 

LDA, THF/ 

HMPA 

N 

~8 Mel 	 LDEA,THF 
HMPA 

LO 	

RIL/ N 	R%L#N %O 
RX 

RX=CD3I 	85 	: 	15 
Bul 	95 	: 	 5 

PhCH2Br >96 	: 	<4 

scheme 24 

Deprotonation of a 3a-methylene is best achieved by treatment with 

lithium diethylamide (LDEA). Subsequent alkylation shows a high 

degree of stereoselectivity caused by diastereofacial selective attack on 

the Z-azaenolate (Fig 12). 

E 
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L 

 

Li 

Rp 

Minor 

Fig. 12 
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2.1.1. untroauctuon. 

The increased understanding of 1,3-dipolar cycloaddition reactions 

combined with the development of nitrile oxidefisoxazoline methodology 

as a convenient stereospecific route to a variety of important acyclic 

functionality (sect. 1.5) has provided much of the impetus for the 

investigation of asymmetric induction in the cycloaddition reactions of 

chiral nitrile oxides and more especially of chiral alkenes. 

Theoretical investigation of cycloaddition reactions of achiral nitrile 

oxides with olefins bearing an asymmetric centre at the allylic position, 72  

where the substituents at the chiral centre differ only in size, suggests that 

the major isomer arises via a transition state in which the largest group 

adopts the anti-alignment with respect to the forming C-O a-bond, the 

medium group is located in the "inside" position and the smallest group is 

"outside" (Fig 13A). It is predicted that the the minor product is formed 

through transition state B (Fig. 13) in which the positions of the medium 

and small groups are exchanged. Selectivity increases as the size 

difference between the medium and large substituents becomes more 

pronounced; the small group in the reported examples was hydrogen. 

Especially good it-facial selectivities have been observed when chiral 

allyl ethers undergo cycloaddition reactions with nitrile oxides.71 73  This 

has been attributed to the preference of the alkoxy substituent to occupy 

the "inside" position in the transition state giving rise to the erythro isomer 

as the major product (Fig. 14A). This is thought to minimise electron 

withdrawal from the electron deficient transition state, which would be 
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maximised if the alkoxy were in the anti-alignment via overlap of the 

COa* orbital with the it-system. The minor threo product arises from the 

transition state in which the alkoxy and the small substituent switch 

positions (Fig. 1413). 

A 
	

B 

Fig 13 

B 

Fig 14 

To date there have been a limited number of studies on the effect of an 

allylic nitrogen. 96100  The majority of those presented in the literature 
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involve the cycloaddition of an achiral nitrile oxide with vinyiglycine and 

some protected analogues. In general the it-facial selectivities observed 

in these reactions are only moderate. Hagedorn and co-workers98  

obtained a cycloadduct ratio of 71:29 in the reaction of bromonitrile oxide 

with racemic vinylglycine (scheme 25 A), while Vyas et aP9  reported a 

60:40 mixture of diastereomeric products in the cycloaddition reaction of 

the same 1,3-dipole with the vinylglycine equivalent 3-

trichloroacetamidobut-1-en-4-ol (scheme 25 B). The cycloaddition of 

chloronitrile oxide, generated by treatment of phosgene oxime with silver 

nitrate, with N-phthalylvinylglycine furnished a 52% yield of cycloadducts 

as a 71:29 mixture of diastereomers 9697  (scheme 25 C). Nozoe and co-

workers100  have reported the cycloaddition of acetonitrile oxide with (S)-

N-benzyloxycarbonylaminovinylglycine methyl ester, which afforded a 

70:30 mixture of adducts in 53% overall yield (scheme 25 D). 

The most extensive study on the effect of an allylic nitrogen on the it- 

facial selectivity of nitrile oxide cycloaddition reactions was carried out by 

Wade and co-workers 96. Benzenesulphonylnitrile oxide was reacted with 

a wide variety of N-protected vinyl glycines and some analogues (Fig. 

15). it-Facial selectivities were in general found to be poor (50:50 to 

60:40); however, in a few cases useful selectivity was observed, e.g. 

70:30, when t.butoxycarbonyl- and 3,5-dinitrobenzyloxycarbonyl-nitrogen 

protection was employed (entries 1 and 4). In all examples in which a 

carboxylic acid or methylcarboxylate function was present the major 

product was the 5R,S adduct. Wade's results are summarised in Fig. 

15. 
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scheme 25 

In the present work three olefins possessing an a-chiral centre bearing a 

nitrogen substituent, each of which involved a protected or partially 

protected amino-alcohol, were prepared and the it-facial selectivities of 
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the cycloaddition reactions with some common nitrile oxides investigated. 

AgNO3 [PhS02C=N*-O'] PhSO2BrCNOH 

1-01"4  W. 
R 

H R' 

PhSO2___<LR PhSO2c4R 

A 	 B 

A A' A :B 

1 CO2H NHCO2C(Me)3 70 : 	 30 

2 CO2H NHCO2C(Et)3 60 : 	 40 

3 CO2H NHCO2CH2(9-anthryl) 60 : 	 40 

4 CO2H NHCO2CH2-[3,5-(NO2)2C6H3] 70 : 	 30 

5 COH NHCO[3,5-(NO2)2C6H3] 60 40 

6 CO2H NI-ICOMe 62 : 	 38 

7 COH N-[2-(NO2)Phth 60 : 	 40 

8 CO2H NPhth 62 38 

9 CO2H NHCbz 55 : 	 45 

10 CO2Me NHCbz 55 : 	 45 

11 CO2Me NPhth 60 : 	 40 

12 CH20H NHCbz 53 

13 CH2OAc NHCbz 50 : 	 50 

14 CMe)20H NHCbz 34 : 	 66 

Fig 15 
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The two fully protected a-amino-alcohols were in the form of five 

membered heterocyclic rings: an oxazoline (11) (4,5-dihydro-oxazole) 

and an N-Boc-protected oxazolidine (12). The former is believed to be 

the first example of a dipolarophile bearing an allylic sp2-hybridised 

nitrogen at an a-chiral centre. The partially protected amino-alcohol, 

(2F-2N-t-butoxycarbonylaminobut-3-en-1 -ol (13), was derived by partial 

deprotection of the oxazolidine (12). 

il=~ 
Ph 

	 BocN__fc 
	

NHBoc 
OH 

(11) 	 (12) 	 (13) 



2.1.2. Synthesis of (4R)-3-(Nt-butoxycarbonyI)-2.2-dimethyI-

4-vi nyloxazolid me (12) and (4R)-2-(N-t-butoxycar1bonyl-

amino)but-3-en-1-ol (13). 

The title olefin (1 2) was prepared in five steps from the readily available 

amino acid (S)-serine (14) according to the sequence shown in scheme 

26. The key intermediate, aldehyde (118), has been shown by Garner 

and Park101  to retain the enantiomeric purity of the starting amino acid. In 

the literature synthesis (S)-senne (1 4) was converted first to the N-Boc 

protected amino acid (Boc2O, pH >10) followed by treatment of the crude 

product with diazomethane, which afforded (S)-serine-N-Boc-methyl 

ester (1 6) in an overall yield of 80-90%. 

In the present work, to avoid the need to use diazomethane, (S)-serine 

was first converted to the methyl ester hydrochloride (82%) by treatment 

with methanol and thionyl chloride. Reaction of the ester with di-

butyldicarbonate (Boc20) in pyridine afforded the N-Boc derivative as a 

viscous oil (98%), which was converted to the oxazolidine methyl ester 

(17) in 78% yield according to the literature procedure 101  (DMP, TsOH, 

C6 1-1 6) (scheme 26). 

The 1 H-NMR spectrum of (17); consistent with the observations of 

Garner and Park, 101  showed two sets of signals at room temperature (Fig 

16A) indicating the existence of a dynamic equilibium between two 

conformations of the oxazolidine ring. These workers found that running 

the spectrum at 75°C in C6D6  caused the signals to coalesce. However, 

in our hands heating the probe to 75°C and using the same solvent gave 

rise to broad singlets rather than a fully resolved spectrum (Fig 1613). 

The 13C-NMR spectrum at the two temperatures shows an identical 

effect. At ambient temperature several of the signals are doubled, 

whereas heating the sample to 8C brings about coalescence of those 
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peaks (Fig 17A and B). 
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(18) 
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H___ 
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p-TsOH 
MeOH 	 H NHB0c 
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scheme 26 

The methyl ester oxazolidine (17) was converted to the aldehyde (1 8) 

by reduction with DIBAL in 88% yield. Although the 1 H-NMR spectrum of 

(18) after distillation showed it to be slightly impure, it was used in 

subsequent reactions without further purification because both of the 

compounds derived from it, the oxime (40) and the olefin (12), were 

more easily separated from the impurities by flash column 

chromatography than was the aldehyde. 

Reaction of (18) with the ylide generated from methyltriphenyl-

phosphonium iodide, on treatment with potassium-t-butoxide, furnished 

the desired alkene (12) in 66% yield as a clear oil after chromatography. 

This vinyl oxazolidine (12) which had previously been prepared by 
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Moriwake and co-workers 102  from the same aldehyde, was reported to 

undergo complete racemisation under the basic conditions of the Wittig 

reaction (Ph3PMeBr, KH, C 6 H 6). To avoid this problem they used non-

basic olefination methodology (AIMe 3, Zn, CH2 1 2) and isolated the 

optically pure alkene in 75% yield [CX]D  (28°C) +150  (c2.5 in CHCI3). 

However, in the present work the conditions employed in the Wittig 

reaction (Ph 3PMel, THF, KO-t-Bu) do not appear to have caused any 

racemisation of the vinyl oxazolidine, which shows identical optical 

rotation to that reported by Moriwake. 102  The reasons for the loss of 

stereochemical purity in the literature example and the retention of chiral 

integrity in the present case are difficult to explain since Moriwake did not 

publish the procedure for the Wittig reaction. However, in our olefination 

protocol no excess of potassium- t-butoxide was used (with respect to the 

phosphonium salt) and generous times were allowed for ylide formation 

(2 hours) before adding the aldehyde; thus the ylide would be the 

strongest base to which the aldehyde and alkene were exposed. 

Treatment of vinyl oxazolidine (1 2) with p-toluenesulphonic acid in 

methanol 102  furnished (4R)-2-(N-t-butoxycarbonylamino)but-3-en-1 -ol 

(13) in 76% yield with [a]0 (20°C) +26.3 0  (C 1.48 in CHCI3), Wit-, 102  [a]D 

(26°C) +290  (C 2.1, CHCI3)]. This provided further evidence for the non- 

racemisation of the vinyl oxazolidine (1 2) during the Wittig reaction. The 

availability of acyclic olefin (13) allows a comparison to be made 

between the yr-facial selectivity in nitrile oxide cycloadditions with the 

cyclic vinyl oxazolidine (12), in which the alcohol moiety of the masked 

amino alcohol is protected and the acyclic olefin (13) in which the 

hydroxyl function is exposed. 
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2.1.3. Cycloaddition Reactions of Nitrile Oxides with (4R-3-

(N- t-butoxycarbonyfl-2.2-dimethyl-4-vinyloxazolidine (12) 

The title alkene was used in cycloaddition reactions with benzonitrile 

oxide, ethoxycarbonylformonitrile oxide and bromonitrile oxide. The first 

two were generated in situ by treatment of the corresponding 

hydroximoyl chlorides with triethylamine. Bromonitrile oxide was 

generated in situ by reaction of dibromoformaldoxime with triethylamine. 

It is worthy of note that bromonitrile oxide is usually generated using a 

two phase system with aqueous sodium9899  or potassium 103  bicarbonate 

as the base. Torssell 103  has claimed that triethylamine is not a suitable 

base for this nitrile oxide due to the possibility that it will react with the 

1,3-dipole. However, in this work triethylamine has been used to form 

bromonitrile oxide without any discernible problems. 

All of these cycloaddition reactions were carried out at room temperature 

in diethyl ether and triethylamine in the same solvent was added over 

approximately 24 hours by means of a motorised syringe pump. Excess 

of the nitrile oxide precursors were used in all cases to ensure complete 

consumption of the olefin. The cycloadducts were isolated in good yield 

(scheme 27) as inseparable mixtures of diastereomers, which were 

easily isolated from other reaction products by flash column 

chromatography. The diastereomeric ratios (scheme 27) were 

determined from the integrals of the isoxazoline H 5  signals in the 'H- 

NMR spectra of the adduct mixture (Fig 18). The t-facial selectivity of 

these reactions was low (Ca. 2:1) with the erythro (5F4'S) isomer being 

favoured. The assignment of absolute stereochemistry is discussed latter 

in this section. 

This result is consistent with previous literature reports for nitrile oxide 

cycloadditions with chiral allyl ethers, which show that the erythro adduct 
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is the favoured product.71  73 
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scheme 27 

In an attempt to separate the diastereomeric products resulting from the 

reaction with benzonitrile oxide the mixture of (19a) and (19b) was 

treated with trifluoroacetic acid and water (98:2), 104  which resulted in 

complete deprotection of the 0-amino-alcohol functionality in 76% yield 

(scheme 28). The resulting mixture of diastereomeric amino-alcohols 

was again not amenable to chromatographic separation. 

Ph--  
4 

Boc 

TFA/H20 
(98:2) 

Ph 
OH 

H NH2 

scheme 28 



J 

N- 	Hs..Hsb. 

Ph 

H4 . 

Boc 

5 	 4 
ppm 

Fig. 18 



47 

In the preparation of (4R-2-(N-t-butoxycarbonylamino)but-3-en-1-ol (13) 

from the vinyl oxazolidine (1 2) (scheme 26) a catalytic amount of p-

toluenesulphonic acid in methanol was used to promote deacetonisation 

while leaving the N-Boc protection intact. This procedure was applied to 

each of the mixtures of cycloadducts and resulted in clean exposure of 

the N-Boc-amino-alcohol moiety (scheme 29). Extended reaction times 

were required for this conversion (60-90 h) and in all cases appreciable 

amounts of starting materials were recovered, which were easily 

separated from the products by flash column chromatography. The 

diastereomeric products were separated from each other by further 

chromatography. In all cases the erythro product showed lowest polarity 

on silica (hexane/EtOAc). Isolation of the isomeric products from this 

partial deprotection protocol allowed isolated ratios of products to be 

obtained. These were in excellent agreement with the values derived 

from the 1 HNMR spectra of the cycloadduct mixtures (scheme 27). 

N... 0  

X—<~x  
p-TsOH/MeOH 	 OH 	 OH 

H 
N—iL 60-90h 	 H NHBoc + 

	
H i4HBoc Boc I 

5R 2'S 	5S,2'S 
Erythro 	 Threo 

X 	 Yield (%)1 	 Ratio' 

Ph 	(19a & b) 	70 (80) 	(22a) 64 (66) 	(22b) 36 (34) 
EtO 2C (20a & b) 	67 (84) 	(23a) 67 (68) 	(23b) 33 (32) 

Br 	(21a & b) 	63 (76) 	(24a) 66 (65) 	(24b) 34 (35) 

Yields in brackets are based on recovered starting materials. 
Figures in brackets are the 1 H-NMR ratios for the cycloadducts. 

scheme 29 
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The successful separation of all of the diastereomeric pairs at once made 

possible the assignment of the absolute stereochemistry of the 

cycloaddition products. Attempts to grow crystals of (5R,2'S)-2'-(N-t-

butoxycarbonylamino)-2'-(3-phenyl-2-isoxazolin-5-yl)ethanol (22a) and 

the (5S,2'S) isomer (22b) for X-ray analysis proved unsuccessful; 

removal of the N-Boc protection (TFA/H 20) furnished both of the 

completely deprotected 13-amino-alcohols (25a) and (25b) (scheme 30) 

in reasonable yields. Again, attempts to obtain crystals suitable for X-ray 

analysis proved fruitless. 
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scheme 30 

However, reaction of aminoalcohol (25b), derived from the minor isomer 

in the cycloaddition reaction, with ethyl benzimidate (scheme 31) 

afforded, in 27% yield after preparative tic, (5S,4'S)-3-phenyl-5-(2-

phenyl-4,5-dihydro-oxazol-4-yl)-2-isoxazoline (26b), which was 

identical with the minor product formed in the cycloaddition reaction 

between benzonitriie oxide and 2-phenyl-4-vinyl-4,5-dihydro-oxazole 

(11) (scheme 32) (see also section 2.1.8). 
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The absolute stereochemistry of (26b) had been assigned on the basis 

of an X-ray structure of the major cycloadduct (26a) which showed it to 

be the erythro (RS/SF() isomer. The major product in the cycloaddition of 

benzonitrile oxide with the vinyl oxazolidine (1 2) is therefore the 

(5R,4'S) isomer while the minor product has the (5S 4'S) configuration. 

The stereochemistry of the adducts of ethoxycarbonylformonitrile oxide 

and bromonitrile oxide were assigned on the basis of this observation. 
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scheme 32 
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2.1.4. ExDtanation for the Observed 7t-Facial Selectivities. 

By analogy with the work of Houk and Jager 71  on chiral allylic ethers 

there are six possible transition states for the formation of the products in 

these cycloaddition reactions (Fig 19). However, while these Felkin-type 

transition states can be drawn for the arrangement of the substituents at 

the asymmetric centre with respect to the forming 0-0 bond of the 

isoxazoline ring, the overall picture is likely to be more complicated for 4-

vinyloxazolidines due to the possibility of other conformational forms 

existing within the flexible heterocyclic ring. 

RCO RC %; BOC r > H 

0 

RC/ \ 
'I  \,NBoc 

H 

H 

THREO 

Fig 19 



51 

Wade and co-workers, 96  in their extensive study of it-facial selectivity in 

the 1,3-dipolar cycloaddition reactions of benzenesulphonylcarbonitrile 

oxide with a variety of N-protected vinyl-amino acids and alcohols (Fig. 

15), found no strong evidence for any stereoelectronic effect induced by 

the allylic nitrogen. However, they did state that the allylic nitrogen 

showed a preference to be near to the carbon-carbon double bond (the 

"inside" position) (Fig. 20) and that the nitrile oxide did not attack antito 

the nitrogen substituent. On the other hand Mann and co-workers 105  

have proposed a Felkin-Anh model for the 1,4-addition of lithium dialkyl 

cuprates to the oxazolidine Michael acceptor (Fig. 21) in which the 

nitrogen adopts the anti-alignment with respect to the incoming 

nucleophile. 
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The observed isomer ratios for the cycloaddition reactions with the vinyl 

oxazolidine (1 2) indicate that the nitrogen does not preferentially adopt 

the anti-arrangement (Fig. 19 , A and D). Examination of these transition 

states shows that in A the bulkier -CH 20- is in the sterically more 

demanding "outside" position, whereas in D it adopts the less crowded 

"inside" position. Thus if the steric bulk of the N-Boc group is so great as 

to force it to take up the sterically least demanding anti-position, the 
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threo (S,S) cycloadduct arising from transition state D would be expected 

to be the major reaction product, but this is not the case. 

The transition states which place hydrogen in the anti-alignment C and F 

would, if they were the two favoured ones leading to the erythro and 

threo products respectively, again be expected to result in the threo (S,S) 

adduct being the major product. This is because the large N-Boc group is 

in the sterically more demanding "outside" position in transition state C 

which results in the formation of the eiythro-isomer. However, if the 

prediction of Wade 96  that there is little evidence for a stereoelectronic 

contribution to the energetics of the transition state is extrapolated to 

this system, then the assignment of the energy maxima in this pathway 

would have to be based purely on steric considerations. It is therefore 

reasonable to ignore the transition states C and F which place hydrogen, 

the smallest substituent, in the anti-position of a Felkin transition state. 106  

On the basis of the preceding arguments it is predicted that the major 

erythro (RS) adduct results from transition state B, which locates the 

nitrogen substituent in the "inside" position and the -CH 20- moiety anti. 

The minor threo (S,S) product can be considered to arise from either 

transition states D or E. 

2.1.5. Nitrile Oxide Cycloaddition Reactions of (2m-2-(N-1-

butoxycarbonylamino)but-3-en-1 -01 (13). 

1,3-Dipolar cycloaddition reactions with benzonitrile oxide and 

ethoxycarbonylformonitrile oxide were carried out with the title alkene 

(13). These reactions allow some comparison to be made between the 

it-facial selectivities when the a-hydroxy function is masked in the 
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oxazolidine ring and exposed in the acyclic N-Boc-amino-alcohol form. 

For the latter olefin there is the possibility of hydrogen bonding between 

the alcoholic moiety and the nitrile oxide oxygen in the transition state. 71  

The results of these cycloaddition reactions are shown in scheme 33. 

OH 

H NHBoc 

XC(Cl)=NOH 	\ g 	+ 
-( -# 

Et3N 	 'OH 

H NHB0c 

x 	

OH 

H NHBoc 

(13) 

Ratio 

X 	Yield (%) 	 5R, 2'S 	 5S, 2'S 
Ph 	71 	 (22a) 	40 	(22b) 60 
EtO2C 	64 	 (23a) 	46 	(23b) 54 

scheme 33 

The diastereomeric ratios in these experiments were obtained by 

isolation of the products using flash column chromatography. The effects 

of exposing the hydroxy function in these cycloaddition reactions are 

three-fold: the combined yields of the cycloadducts are lower; the it-facial 

selectivitity is reduced; and the threo (S,S) isomer is the major product of 

the reaction. The reduction and reversal of it-facial selectivity is not 

without literature precedent. Houk and Jager 71  reported that nitrile oxides 

undergo cycloaddition reactions with chiral allylic ethers affording, as the 

major product, the erythro isomer via the transition state that locates the 

ethereal oxygen in the "inside" position (Fig 22A). The corresponding 

alcohols were found to be less selective and favoured, to a slight extent, 

the fhreo adduct. The configuration of the major product was attributed to 
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a transition state in which the alcoholic moiety adopts the "outside" 

position allowing a slightly more favourable hydrogen bonding 

interaction with the nitrile oxide oxygen (Fig 22B). 
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In the present work the reversal of it-facial selectivity can be attributed to 

a hydrogen bonding interaction between the hydroxyl function of (2R)-2-

(N-t-butoxycarbonylamino)but-3-en-1-ol (13) and the oxygen of the 1,3-

dipole. However, (13) is a homoallylic alcohol as opposed to the allylic 

alcohols of Houk and Jager, and location of the hydroxy function in the 

"outside" position would result in the formation of the erythro adduct. 

Consideration of the transition states which place the alcoholic function 

in both the "inside" and "outside" positions suggests that in both 

arrangements hydrogen bonding would involve a six membered ring, 

either a pseudo-boat or a chair conformation. Presumably the transition 

state which places the alcohol function in the "inside" position is 

favoured, resulting in the slight bias towards the threo product (Fig. 23). 

The other possible hydrogen bonding interaction, with the NHBoc group, 

does not appear, from examination of models, to be very favourable. 

The arguments presented here require that the N-Boc-amino function is 

located in the anti-position in both transition states. This is contrary to the 
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proposal of Wade et ai96  who stated that the nitrile oxide oxygen does not 

attack anti to the nitrogen function. These workers carried out the 

cycloaddition reaction of benzenesulphonylcarbonitrile oxide with a very 

similar olefin, only differing in the amine protection, with CBZ replacing 

Boc. 

OP, I 	OH 

H NHBoc 

(13) 

-~Iu 
NHBoc 

Hq 
NHBoc 

OH 
H NHBoc 

erythro 5R, 2'S 

OH 
H NHBoc 

threo 5S, 2'S 

Fig 23 

A ratio of 53:47 was reported for this reaction (also determined by 

isolation). This is almost identical to the ratio observed in the present 

work for the cycloaddition reaction of olefin (13) with 

ethoxycarbonylformonitrile oxide, another electron deficient 1,3-dipole. 

These workers claim that there is no evidence for hydrogen bonding 

being involved, based on the small difference in selectivity on changing 

from the exposed hydroxyl function to the acetate derivative (Ca. 5%) 

(scheme 34). However, in the present work changing from the five 

membered oxazolidine ring, in which the alcohol moiety is masked, to the 
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N-protected amino-alcohol results in a greater change in it-facial 

selectivity (68:32 to 46:54). It is tentatively suggested that this could be 

the result of a hydrogen bonding interaction in the transition state 

involving the acyclic alkene (13). 
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scheme 34 
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2.1.6. Synthesis of 2phenyl-4-vinyl-4.5-dihydro-oxazole (11). 

The synthetic route to the title alkene was envisaged to proceed via the 4- 

formyloxazoline (dihydro-oxazole) (27) which has been used previously 

as a protected n-amino-alcohol in the synthesis of some cerebrosides 

(glycosphingolipids)107 108  This compound was especially attractive, 

since it provided not only a route to the chiral olefin (11), but also to the 

asymmetric oxime (28), which would in turn be a source of the nitrile 

oxide. The proposed strategy is outlined in scheme 35. 

Treatment of benzonitrile in ether/ethanol with HCI gas afforded ethyl 

benzimidate hydrochloride in 91% yield. Reaction of the imino ether with 

(S)-senne methyl ester hydrochloride (15), according to the procedure 

described by Thornton, 107  furnished oxazoline (29) in 72% yield after 

chromatography. Attempts to reduce the oxazoline ester to the 

corresponding aldehyde by the procedure reported in the literature 107109  

were only partly successful. 1 H-NMR analysis of the crude reaction 

mixture indicated only a 20% conversion to the aldehyde (H: CHO, 

9.8ppm, MeO2C, 3.4ppm). No attempt was made to isolate the aldehyde 

by chromatography as it has been reported to be very unstable at room 

temperature) 07-109  Attempts to improve the yield by modifying the 

reaction conditions (temperature, solvent, quantity of DIBAL) proved 

unsuccessful. Instead, the ester was reacted with lithium aluminium 

hydride (LAH) in ether providing the oxazoline-4-methylalcohol (30). The 

literature procedure for this conversion 110  emphasises the importance of 

using half an equivalent of the reducing agent to avoid reduction of the 

oxazoline ring. When these conditions were employed yields were low 

and incomplete consumption of the ester was observed by tIc. This 

suggests that reduction of the heterocyclic ring was competing with 

reaction at the ester moiety. Enhanced yields (71 % after recrystallisation) 



were obtained after modification of the literature procedure. An excess of 

LAH (2 equivs.) was suspended/dissolved in ether under an argon 

atmosphere and the oxazoline ester (29) added rapidly. After stirring for 

no more than 5 minutes the reaction was quenched and worked up. 

H N=( Ph  

(11) 
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= MeO)"O 
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(29) 

MeO') "OH 

H NH2.HCI 

(15) 

H02C')L#" OH 

H NH2 

(14) 

scheme 35 

Attempted oxidation of the alcohol (30) with pyridinium chlorochromate 

(PCC) 111  failed to produce any aldehyde ( 1 H-NMR); this may have been 

due to the extended reaction time required for complete consumption of 

the starting material (5 hours), given that the formyl-oxazoline is unstable 

at room temperature. In the light of this result it was reasoned that low 

temperature oxidation of the alcohol might prove more fruitful and a 

Swern oxidation 112  (DMSO,Et3N, oxalyl chloride, 600C) was attempted. 

Again 1 H-NMR analysis of the crude reaction product showed only a very 

small amount of aldehyde to be present. It is worth noting that as the 

reaction mixture warmed to room temperature it changed from a clear to a 

yellow solution, possibly due to decomposition of the aldehyde. This work 



is summarised in scheme 36. 
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At this point the strategy was reversed; instead of using the oxazoline as 

the aldehyde partner in the Wittig reaction, it was used to provide the 

phosphonium moiety (scheme 37). Treatment of the hydroxymethyl 

oxazoline (30) with p-toluenesulphonyl chloride in pyridine on a small 

scale (Ca. 100mg) afforded the tosylate (31) in 63% yield after 

chromatography. However, attempts to repeat the reaction on a larger 

scale (Ca. 3g) furnished only 3% of the required tosylate, along with an 

unidentified major product. 

The low yield of the tosylated alcohol necessitated the development of an 

alternative approach to provide a leaving group which would facilitate 

elaboration of the exocyclic methylene. To this end the hydroxymethyl 
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oxazoline (30) was converted to the 4-bromomethyl analogue (32) in 

70% yield using thionyl bromide in toluene. Conversion of (32) to the 

phosphonium salt (33) (X=Br) by reaction with triphenyiphosphine, failed 

in both polar (ethanol), and non-polar (benzene) solvents. The 

bromomethyl oxazoline (32) was therefore converted to the iodo 

analogue (34) (83% after purification) by treatment with sodium iodide in 

refluxing acetone. The iodomethyl heterocycle was reacted with 

triphenyiphosphine in refluxing toluene, furnishing the phosphonium salt 

(33) (X=I) in quantitative yield as an off white powder. Reaction of (33) 

with butyllithium in THF followed by quenching of the ylide with 

formaldehyde provided the required 4-vinyloxazoline (11) in 50% yield 

after chromatography. The synthesis of (11) is summarised in scheme 

38. 

2.1.7. Racemtsation of Oxazoline Alkene (11). 

To check the chiral integrity of the vinyl oxazoline (11) a 1 H-NMR chiral 

shift experiment was carried out. The chiral shift reagent chosen was 
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tn s[3-(he ptaf luoropro pylh ydro xymethylene)-(+)-cam phorato],europiu m 

(III) (35), which was added in portions of 3 mol% at a time. The 1 H-NMR 

spectrum was recorded after each addition. Figure 24 shows clearly, not 

only the change in chemical shift of the peaks due to the shift reagent, but 

also the gradual separation of some of the signals. This established that 

the vinyl oxazoline (11) had undergone racemisation of its chiral centre 

and the integration (Fig. 25) indicated that (11) was a ca. 1:1 mixture of 

enanti o me rs. 

4 EU 

(35) 
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The initial hypothesis was that the racemisation was occuring under the 

strongly basic conditions of the Wittig reaction (BuLi). Repeating the 

olefination using both potassium-t-butoxide and potassium carbonate/18- 

crown-6, as replacements for the butyllithium, also gave 1:1 enantiomeric 

mixtures in both cases. While the basic conditions of the Wittig reaction 

seemed the most likely cause of racemisation, the low optical rotation 

observed for 4-bromomethyl-2-phenyl-4,5-dihydro-oxazole (32) ([aID 

(2000) 3•40 (c 1.0 in CHCI 3) meant that an alternative measure of its 

chiral integrity had to be obtained. A similar 1 H-NMR experiment with the 

same shift reagent was carried out (Fig. 26), which clearly showed that 

the bromomethyl oxazoline (32) had undergone complete racemisation 

under the conditions employed for its formation (SOBr2 , toluene). 

HO 	0 
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Ph 

R-(30) 

4 	
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scheme 39 

The explanation may lie in the acidic and anhydrous nature of the 

reaction. Protonation of the ring nitrogen may render C2  vulnerable to 

attack by the hydroxyl function (scheme 39). This hypothesis suggests 

that hydroxymethyloxazoline (30) undergoes racemisation before 
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conversion to the bromomethyl heterocycle (32). 

This process would explain the racemisation of the oxazoline under 

acidic conditions. Both enantiomers can then undergo reaction with the 

thionyl bromide to give the racemic bromomethyloxazoline (32). 

2.1.8. Cycloaddition Reactions of Nitrile Oxides with (R/S) 2-

phenyt-4-vinyl-4.5-dihydro-oxazole (11). 

Despite the racemic nature of the dipolarophile, cycloaddition reactions 

were carried out to determine the levels of 7t-facial selectivity which could 

be achieved for such a heterocyclic system, in which the allylic nitrogen is 

sp2  hybridised. The nitrile oxides studied (PhCNO, Et0 2CCNO, BrCNO) 

were those previously used to investigate the corresponding reaction 

with vinyl-oxazolidine (12). All of the cycloaddition reactions were 

performed at room temperature in the same manner as previously 

described, the triethylamine being added over 15-21 hours by means of a 

motorised syringe pump. The diastereomeric products were purified and 

separated by flash column chromatography or preparative thin layer 

chromatography. The results of these reactions are summarised in 

scheme 40 (only one enantiomer of each compound is shown). 

The yields of cycloadducts varied from 88% for benzonitrile oxide to 65% 

for ethoxycarbo nyformo nit rile oxide. The lower yield in the latter reaction 

probably reflects the greater propensity of Et0 2CCNO, an electron 

deficient nitrile oxide, to undergo dimerisation as a side reaction. 113 114 

The yield of adduct isolated from the cycloaddition of bromonitrile oxide 

with (11) was poor (29%), due, in part at least, to problems encountered 

in the work up. 

The erythro/threo ratios presented in scheme 31 were obtained by 

isolation of the adducts by chromatography and by HPLC analysis of 
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portions of the crude reaction mixture. The identity of the peaks in the 

HPLC analysis was confirmed by peak enhancement using the isolated 

and characterised products. The HPLC results are in reasonable 

agreement with the isolated ratios. 

XC-  +- : 
	 : 

	
N1% 

N( 	 N( 

	

(11) 	 Ph 	 Ph 

(a) 	 (b) 

Erythro 	 Threo 

RATIO 

	

Compound 	X 	Yield 	HPLC (isolated) 	HPLC (isolated) 
(26) 	Ph 	88% 	76 	(69) 	24 	(31) 

EtG2C 	65% 	82 	(80) 	18 	(20) 
Br 	29% 	69 	(69) 	31 	(31) 

scheme 40 

In tic analysis and chromatographic separations of the diastereomer 

mixtures (Si0 2, EtOAc/hexane eluents) the minor threo isomer was 

always the more polar of the two. 

In the 1 H-NMR spectra of the adducts the isoxazoline H 5  signals of the 

threo products occur at higher frequencies than the corresponding 

protons of the erythro adducts (table 3). 



M. 

Table 3. 1 H-NMR Chemical shifts (ppm) of selected hydrogens from 
the cycloadducts of 2-phenyl-4-vinyl-4,5-di hydro-oxazole 
(11) (C6D6). 

X.. 	.N 

H. H5'a 
b 

H4'6 / 
	'0 H4' N/ 

Ph 

Li 1  
4a 4b 1 

X Erythro Threo Ethro Threo 
Ph 3.23 (3.30)2  3.05 (3.39)2 2.89 	(3.13) 2.69 (3.30) 
Et02C 3.16 3.22 2.85 2.70 
Br 2.89 2.885  2.57 2.49 

H 5 	 H 4  

X 	Erythro 	Threo 
Ph 	4.27 (4.37) 4.59 (5.07) 
Et02C 	4.17 	4.25 
Br 	 3 	4.21 

Erythro 
(4.2) 

3.8 
3• 94 

Threo 
4.2 4  (4.71) 
3.85 
3.90 

LI 
ri 5'a 

I-I 

'1 5'b 

X 	Erythro 	Threo 
Ph 	 (4.24) 

----s (4.48) 
Et02C 	-----3 	4.0 
Br 	 3 	____3 

Erythro 
4.15 (4.13) 

3 
3• 995 

Threo 
3.88 (4.41) 
3.73 
3.80 

Arbitarily assigned. 
Figures in brackets are for samples run in CDCI 3  
Not determined. 
Approximate values, peaks not fully resolved. 
CDCI3/C6D6. 



[*] 

The coupling constants between the two ring methines (1-15  and H4.) (table 

4) appear to be larger in the erythro compounds (8Hz) than the 

corresponding values for the threo adducts (Ca. 3Hz), although this could 

not be unequivocally confirmed as the H 5  signals for (36a) and (37a) 

were not sufficiently well resolved to permit detailed analysis. 

Table 4. Selected coupling constants for the cycloadducts 
of 2-phenyl-4-vinyl-4,5-dihydro-oxazole (11). 

x 

H4  a4 	H5y5'aHb 

H4 6 
H4 N/ 

Lfl 

H4a H4b (Hz) 	JH 4. H5 (Hz) 

X Erythro Threo Erythro Threo 
Ph' 17.0 16.9 6.4 10.9 
Ph2  17.0 16.7 6.3 7.9 
Et02C2  17.9 17.4 7.9 7.9 
Br2 17.4 17.1 6.3 7.5 

JH4b H5 (Hz) 	JH5 H4 (Hz) 

X Eiythro Threo Erythro 	Threo 
Ph' 10.3 8.2 8.4 	3.8 
Ph2  10.3 11.2 ----3 	3.3 
Et02C2  10.9 11.6 3 	2.9 

Br2 9.9 11.0 3 	 2.4 

1. CDCI3  
2.0606  
3. Not determined. 
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The 13C-NMR spectra of these compounds show that the chemical shift 

values of the isoxazoline 04 and 05 and the oxazoline 04' and 05' occur 

at lower frequency for the threo isomers (table 5). 

These trends should allow the structures of future examples to be 

assigned with confidence. 

Table 5. Selected 13C-NMR chemical shift values for the 
cycloadducts of 2-phenyl-4-vinyl-4,5-dihydro-oxazole 
(11) 

HS  
4C5 	C 

 

H4' 	0 
N-~~( 

Ph 

Erythro 	 Threo 

X C4  05  C4. C5. 	04 	05 	C4. 	05' 
Ph 38.8 82.9 69.6 70.71 	36.2 	81.2 	68.5 	68.7 1  

Et02C 37.6 85.2 69.9 70.32 

Br 45.2 83.3 69.2 70 . 41 	43.1 	81.7 	68.3 	68.6 

1. CDCI3. 2. CA.  3. Not determined. 4. CDCI3/C6D6  

2.1.10. Assignment of Stereochemistry. 

The stereochemistry of the adducts formed in the cycloaddition of the 

three nitrile oxides with (R/S)-2-phenyl-4-vinyl-4,5-dihydro-oxazole (11) 

was made on the basis of an X-ray crystal structure (Fig 27) obtained on 

the major isomer formed in the reaction with benzonitrile oxide. This 

proved to be the efythro (RS/SF() product. The stereochemistry of the 

adducts of ethoxycarbonylformonitrile oxide and bromonitrile oxide were 

assigned by analogy with this observation. The crystal structure shows 

4 
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that the heterocyclic rings are nearly planar, and that there is a step 

between the two heterocyclic ring methines. 

2.1 .11. Explanation for the Observed Stereoselectivities. 

By analogy with the work of Houk and co-workers 71  on the energies of 

the six possible staggered transition states for the cycloaddition reactions 

of nitrile oxides with 3-methoxy-1-butene, six equivalent transition states 

can be drawn for the reaction of (RIS)-2-phenyl-4-vinyl-4,5-dihydro-

oxazole (11) with the same 1,3-dipoles (Fig 28). 
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Using 3-methoxy-1-butene as a model Houk has predicted that the 

highest energy, and therefore least favourable, transition state which 

gives rise to the erythro product is the one which positions hydrogen anti 

to the forming C-O a-bond and the alkoxy in the "outside" position (Fig 

29A). The highest energy transition state on the pathway to the threo 

adduct is thought to be the one which locates the alkoxy function anti to 

the forming C-O a-bond, thus destabilising the electron deficient 

transition state by electron withdrawal via the COca* orbital; the hydrogen 

takes up the "outside" position (Fig 2913). 

RC 	-o 
Me 	OMe 

c N  

H 	Me 

H-0 

—1 

OMe 
B 

CR 
MeOF1 ,I 

Me 

Fig. 29 

The most important transition state which leads to the erythro product is 

calculated to be the one in which the alkoxy substituent occupies the 

"inside" position (Fig 290), while the second most important is that in 

which the alkoxy is in the "outside" position (Fig 29D); this affords the 

threo adduct. 

Curran 106  has reported the results of cycloadditions of nitrile oxides with 
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chiral (a-oxyallyl)-silanes. He rationalises the outcome of these reactions 

on a purely steric basis for which he uses the Houk steric model. 72  In this 

work the transition states which places the hydrogen anti with respect to 

the forming C-O bond, i.e. in the position favoured by the largest group, 

are considered unimportant. 

The cycloaddition reactions of nitrile oxides with 2-phenyl-4-vinyl-4,5-

dihydro-oxazole (11) are believed to be the first examples of nitrile oxide 

cycloadditions involving a chiral alkene which possesses an allylic sp2  

hybridised nitrogen. The observed stereoselectivities will be considered 

first on a purely steric basis and the significance of a stereoelectronic 

contribution will then be evaluated. 

In a steric model for the cycloaddition reaction of nitrile oxides with olefin 

(11) the two transition states which place hydrogen anti with respect to 

the forming C-O bond 106  (C andC') (Fig. 28) are ignored as this position 

is likely to be occupied by the largest group. 

Of the two transition states (A and B) which give rise to the major erythro 

adduct, A appears to be the most favourable; the larger -CH 20- group is 

in the anti alignment and the smallest group, hydrogen, is in the more 

sterically demanding "outside" position. The alternative transition state on 

route to the erythro product (B) is a less likely option as the largest group 

-CH20- is positioned in the most sterically demanding "outside" 

alignment. 

Considering now the two transition states which could give rise to the 

threo products (A' and B'): B' is considered to be the least favourable as 

it places the largest group in the "inside" position with the nitrogen antito 

the forming C-O bond. A', which locates the -CH 20- anti, with the nitrogen 

"outside" and the hydrogen "inside" is predicted to be the most favourable 

of the two on steric grounds. Thus the erythro product is predicted to arise 
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from transition state A, whereas the threo adduct is thought to form via 

transition state A', which only involves a reversal of the "inside" and 

"outside" groups. However, the relatively small difference in size between 

the nitrogen and the -CH20- group means that a contribution from B' 

when considering a purely steric transition state model cannot be ruled 

out. These predictions are in line with those made by other workers in the 

field.72 106 

The involvement of a stereoelectronic effect, similar to that advocated for 

allylic alkoxy substituents, 71  exerted by the allylic sp 2  hybridised nitrogen 

is now considered. In the absence of any theoretical calculations on this 

system the conclusions are based on comparisons of the face 

selectivities observed in nitrile oxide cycloadditions to vinyl-oxazoline 

(11) and similar reactions which are reported to derive their 

diastereoselectivities from the operation of the "inside alkoxy effect". 

For example, the cycloaddition of benzonitrile oxide with (+)-(S)-

isopropylidene-3-butene-1 ,2-diol has been reported 71 73  to occur in high 

yield with a it-facial selectivity ratio of 85:15 in favour of the erythro 

product. The corresponding reaction of ethoxycarbonylformonitrile oxide 

with the same olefin is also diastereoselective (80:20) (scheme 41). In the 

present work, the cycloaddition reactions of the same nitrile oxides with 

4-vinyl-oxazoline (11) yielded diastereomeric products in the ratios of 

82:18 (R=CO2Et) (36a & 361b) and 76:24 (R=Ph) (26a & 26b), while the 

ratio for bromonitrile oxide with (11) was 69:31. The diastereofacial 

selectivities of the reactions of the vinyl-oxazoline (11) are thus of the 

same order as those observed in a system where the stereoelectronic 

effect is considered to be operating. It is therefore concluded that the sp2  

nitrogen avoids the anti position for similar reasons to an allylic alkoxy 

function, namely to minimise electron withdrawal from the electron 



deficient transition state via a CNO*  interaction with the it-system. 

76 
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O 7< 
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Erythro 	 Threo 
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R=CO2Et 	 80 	 20 

scheme 41 

This observation is in accord with the hypothesis based solely on steric 

arguments, namely, that the important transition states involved in the 

formation of the erythro and threo products are A and A' respectively 

(Fig. 28). The cycloaddition of (11) with bromonitrile oxide (69:31) is as 

good as the best selectivity reported for a nitrile oxide cycloaddition to an 

olefin with a nitrogen substituent at an a-chiral centre (70:30). 96-100  The 

ratios observed with benzonitrile oxide and ethoxycarbonylnitnie oxide 

are the highest which have been reported for this class of dipolarophile 

(PhCNO, 76:24; Et0 2CCNO, 82:18). The spread of it-facial selectivity 

results observed in this series of reactions is not inconsistent with 

previous reports.71 73 

2.1.12. Conclusion. 

2.1.12.1. Summary of Results. 

The 4-vinyl-oxazolidine (1 2) was prepared by the literature procedure, 

with some modifications, from (S)-serine, and was used in cycloaddition 
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reactions with three nitrile oxides. Yields of cycloadducts were very good, 

however, it-facial selectivity was only moderate (Ca. 66:34), the erythro 

(5R,4'S) products were favoured. The observed it-facial induction is 

approaching the best which have been reported for olefins with an a- 

chiral centre bearing an allylic nitrogen substituent. 96-100  The isoxazoline 

adducts were separated after deacetonisation. 

The stereochemical bias was explained on the basis of a steric transition 

state model. 

The 4-vinyl-oxazoline (11) was prepared in racemic form after an 

unexpected racemisation during its synthesis. Nitrite oxide cycloaddition 

reactions furnished the bis-heterocyclic products in poor to good yield; it- 

facial selectivities varied from (69 : 31, BrCNO) to (82:18, Et0 2CCNO) (by 

HPLC analysis of the reaction mixture). The isomer ratios for the reaction 

with benzonitrile oxide and ethoxycarbonylformonitrile oxide are the best 

which have been achieved for a chiral olefin with an allylic nitrogen 

substituent. The stereoinduction was accounted for by both steric and 

stereoelectronic factors. 

The acyclic alkene (13) gave low it-facial selectivities; the major isomer 

had the (5S,4'S) configuration. The reversal of it-facial induction was 

explained on the basis of a more favourable hydrogen bonding 

interaction, between the free hydroxyl function and the nitrile oxide 

oxygen, in the transition state which leads to the (5S,4'S) product. 

2.1 .12.2. Future Work. 

The cycloadducts of the heterocyclic olefin (1 2) provide a potentially 

useful intermediate for the synthesis of the antimetabolite antitumor 

antibiotic acivicin (38) which possess the (5S,aS) configuration. Acivicin 
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was first isolated from Streptomyces sviceus in 1973,115  and has now 

entered phase two clinical trials for synergistic combination 

chemotherapy. Several syntheses of acivicin have been reported. 96-99 . 116-

121 The most concise approach to this densely functionalised amino acid 

involves the cycloaddition reaction of chioronitrile oxide with vinyl 

glycine, however Baldwin and co-workers 117  failed to achieve this 

coupling. Wade et aP7  did manage to bring about the cycloaddition of the 

same nitrile oxide with N-phthalylvinylglycine by generating the 1,3-

dipole from phosgeneoxime on treatment with an excess of silver nitrate. 

The main disadvantage of all the reported nitrile oxide cycloaddition 

approaches to acivicin 9699  is that the major isomer possesses the wrong 

Configuration. 

Cl 

bN--,,,'-0O2H  

(38) 

In the present work the partially deprotected aminoalcohols (22), (23) 

and (24) only require oxidation and deprotection (scheme 42) to furnish 

isomers of acivicin and other 3-substituted analogues. 

In order to arive at the correct, (5S,aS) configuration, the (5S,4'F 

cycloadduct would be required, this is available from the (4S)-vinyl-

oxazolidine which can be prepared from (F-serine. This approach, if 

successful, would be the first nitrile oxide cycloaddition approach to 

acivicin, and its analogues, which yields the major adduct with the correct 

configuration. The proposed approach is outlined in scheme 43. 
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Two examples of heterocyclic nitrile oxides with asymmetric centres 

adjacent to the 1,3-dipolar moiety have been prepared. Both were 

derived from the readily available amino acid (S)-serine; the oxazolidine-

4-carbonitrile oxide (39), generated from the corresponding oxime (40) 

was enantiomerically pure. The oxazoline-4-carbonitrile oxide (41), 

generated by the method of Mukaiyama45  from the nitromethyl-

heterocycle (42), was racemic, due to an unexpected racemisation 

process during its synthesis (see sect. 2.1.7). 

Both of the nitrile oxides represent chiral n-amino-alcohols, and as such 

provide a useful means of introducing that functionality into the 3-position 

of 2-isoxazolines, via 1,3-dipolar cycloaddition reactions. Exposure of the 

acyclic functionality masked by the 2-isoxazoline would facilitate the 

construction of densely functionalised hydrocarbon chains. 

This work also allows a comparison to be made between the E-facial 

selectivities achieved for the heterocyclic olefins (11) and (12) and the 

corresponding nitrile oxides (3 9) and (41). 

2.2.2. 	Synthesis of 4-nitromethyl-2-phenyt-4.5-dihydro- 

oxazole (42). 

It was initially envisaged that the chiral nitrile oxide (41) would be 

generated from the hydroximoyl chloride (43) or by an in situ protocol 

directly from the oxime (44) (scheme 44). However, the aldehyde 

precursor proved difficult to prepare by the literature procedure 107  and an 

alternative approach had to be adopted. As nitromethyl compounds can 

be dehydrated to nitrile oxides by the procedure of Mukaiyama45 
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(scheme 45), (R/S)-4-iodomethyl-2-phenyl-4,5-dihydro-oxazole (34) 

which had previously been used in the preparation of 4-vinyl-oxazoline 

(11), was converted to the nitromethyl analogue (4 2) by treatment with 

sodium nitrite in DMSO (63%). As the iodomethyl heterocycle (34) is a 

racemic mixture the resulting nitrile oxide is also a mixture of isomers. 

HON 

HN( 

(44) Ph 

Cl 

HON ON  

HN 

(43) 	Ph 

O %  
N 

E134 - 	C)(_#No 

HN=K 
(41) 	Ph 

• 	 I 
• 	 I 
• 	 I 

NaOCI or NCS/Et3N 

scheme 44 

l—Th,O  
N 

(34) Ph 

NaNC)2 02NS*%%ç_'N0
to 

DMSO 	 N=/ 

(42) Ph 

-H20 0 

(41) 	Ph 

scheme 45 

2.2.3. 	Preparation of (4m-4-aldoxlmino-3-(N- t-butoxy- 

carbonyl)-2.2-dimethyioxazoiidlne (40). 

The title oxime was prepared by treatment of the corresponding aldehyde 

(18) with hydroxylamine hydrochloride in pyridine in 40% yield after 
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chromatography. The low yield from this reaction was the result of using 

a fairly crude aldehyde preparation; this was because it was much easier 

to separate the oxime from the impurities present in the aldehyde than it 

was to purify the aldehyde (scheme 46). 

HA/ 

Boc 

(18) 

Pyridine 	 HON 
NH20HHCI 	

(' 

N 0+ 
(40) 

3:2 mixture of 
isomers 

scheme 46 

The 1 H-NMR spectrum of the purified oxime at room temperature 

(Fig.30A) (CDCI 3) shows most of the signals to be broad and poorly 

resolved, an effect attributed to a dynamic equilibrium between two 

conformations of the heterocyclic ring, similar to that observed for other 

compounds containing this type of ring system.101 105  Warming the 

sample to 60°C (CA)  brought about complete resolution of the 

spectrum (Fig. 3013). From this it is concluded that the oxime (40) exists 

as a mixture of cis and trans isomers in an approximate ratio of 2:3. The 

respective identities of the two isomers was not established, however, as 

this has no effect on the chlorination of the oxime which ultimately leads 

to one chloro-oxime isomer, the Z-form. This has been established for 

benzaldoxime, where chlorination of both the E- and Z-isomers gives rise 

to only the Z-hydroximoyl chloride.122 
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2.2.4. Cyctoaddition Reactions lof (R/S)-2-phenyt-45-dihydro-

oxazole-4-carbonitrile oxide (41). 

The title nitrile oxide (41) was generated from racemic 4-nitromethyl-2-

phenyl-4,5-dihydro-oxazole (42) by the method of Mukaiyama. 45  When 

the cycloaddition was carried out with styrene as the dipolarophile, with 

all of the reagents being added at the beginning of the reaction (scheme 

47, path A), the only isolable products were the two diastereomeric 

furoxans (furazan-N-oxides) (45a) and (45b), which were recovered in 

a combined yield of 52% and readily separated by preparative tic. The 

identity and stereochemistry of these compounds was confirmed by a 

single crystal X-ray structure of the slower eluting of the two isomers (Fig. 

31). This showed it to be the RR/SS product (45b); thus the faster eluting 

isomer is the RS/SR furoxan (45a). While this reaction failed to produce 

any of the desired isoxazoline products due to the competing rapid 

dimerisation of the nitrile oxide, it did demonstrate that the 1,3-dipole was 

being generated under the reaction conditions. A modification of the 

procedure in which the nitromethyloxazoline (42) was added in a 

dropwise manner over four hours (scheme 47, path B) with the aid of a 

motorised syringe pump resulted in the formation of isoxazoline products 

along with some remaining nitrile oxide precursor (tic). The reaction 

mixture was therefore treated with further portions of the reactants to 

achieve complete consumption of the starting material. Preparative thin 

layer chromatography facilitated complete separation of the isomeric 

isoxazolines (46a) and (46b) in a combined yield of 59% and an 

isomer ratio of 55:45. 

This result demonstrates that 2-phenyl-4,5-dihydro-oxazoline-4-

carbonitrile oxide (41) must be generated at a low concentrations to 

obtain reasonable yields of oxazolineTisoxazoline cycloadducts. The fact 
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that (41) is prone to dimerisation is consistent with it being an electron 

deficient nitrile oxide, which are well documented113 114  to be prone to 

this reaction. 

The configurations of the isoxazolines (46a) and (46b) were assigned 

by obtaining a single crystal X-ray structure (Fig. 32) on the first eluted 

"major" isomer. This identified it as (RS/SR)-5-phenyl-3-(2-phenyl-4,5-

dihydro-oxazol-4-yl)-2-isoxazoline (46a); thus the slower eluting adduct 

possesses the (RR/SS) configuration. 

When the same procedure was applied to the cycloaddition of the nitrite 

oxide with oct-1-ene (scheme 48) the two diastereomeric cycloadducts 

(RR/SS)- and (RS/SR)-5-hexyl-3-(2-phe nyl-4,5-di hydro-oxazo l-4-yl)-2-

isoxazoline (47a) and (47b), were isolated in a combined yield of 77%. 

However, both isomers proved to be impure; subsequent purification 

proved difficult and costly in products and as a result no exact isomer 

ratio was obtained. However, based on the result of the cycloaddition 

reaction with styrene, and literature precedent, 74-76  it would have been 

expected to be approximately 1:1. The lack of any t-facial selectivity in 

the cycloaddition reactions of chiral nitrile oxides with achiral olefins can 

be attributed to the remoteness of the forming asymmetric centre from the 

existing one. 75  

The configurations of the products from the cycloaddition reaction with 

oct-1-ene were tentatively assigned on the basis of the X-ray structure 

obtained on the styrene adducts, and are based purely on the order of 

elution. Thus the first eluted isomer is assigned as the (RR/SS)-adduct 

(47a), the slower eluting component is then the (RS/SR)-bis-

heterocycle (47b). The apparent reversal of stereochemistry is the result 

of the change in priority of the 5-substituent (phenyl-priority two; hexyl-

priority three). 
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scheme 48 

2.2.5. Features of (RS/SR-5-phenyI-3-(2-Dhenyl-4.5-dIhvdro-

oxazol-4-yfl-2-Isoxazollne (46a) From the X-ray Crystal 

Structure. 

The single crystal X-ray structure (Fig 32) of the faster eluting styrene 

cycloadduct showed it to have the (RS/SR) configuration. The torsion 

angle between the two heterocyclic rings is approximately 55 0, the two 

ring nitrogens are arranged in a "trans" conformation with respect to each 

other. Both of the heterocyclic rings are relatively flat; the isoxazoline ring 

and its 5-phenyl substituent lie at an approximate angle of 600 to each 

other, while the oxazoline ring and its 2-phenyl substituent have a torsion 

angle of around 100. This tendency towards co-planarity presumably 

allows the molecule to profit from the extended conjugation of the 2-

phenyl group with the C=N bond of the oxazoline ring. 
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2.2.6 	Features of (R R/SS -3.4 -di - (2-ph en yl -4.5 -d I h y d r o - 

oxazol-4-yl)furazan-N-oxide (451b) From the X-ray Crystal 

Structure. 

The X-ray crystal structure of (45b) (Fig 31) shows some disorder in the 

region of the furazan ring; this phenomenon is well documented in the 

lite ratu re.  123-125  For example it is reported that in the crystalline state 

there are two forms of 3,4-diphenylfurazan-N-oxide 124  (48) (Fig. 33) 

which were differentiated by the different torsion angles between the 

planes of the phenyl and heterocyclic rings. 

R 	R 

)~X 
 

o 
,N 

' 0 JO
N 
 O 

(45) R= Ph___(\ 

(48) R= Ph 

Fig. 33 

In the present case the X-ray structure (Fig. 31) is not sufficiently well 

resolved to distinguish the two forms, and as a result an exocyclic 

oxygen appears on each of the nitrogen atoms of the furazan ring. The 

large ellipsoids which represent the three furazan heteroatoms are 

symptomatic of the disorder in this region of the molecule. Another 

feature of the crystal structure is the parallel alignment of the 2-

phenyloxazoline substituents, with the heterocyclic rings arranged to 

accomodate the H4  ring hydrogens. 
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2.2.7. 	Cycloadditlon Reactions of (4R)-3-(N-t-butoxy- 

carbonyl)-2.2-dlmethyl-4-carbonitrile oxide (39). 

The nitri le oxide precursor (4R)-4-aldoxi mi no-3-(N-t-butoxycarbonyl)-2 ,2-

dimethyloxazolidine (40) was converted to the title nitrile oxide (39) by 

the procedure developed by Torssell, 40  i.e. by treatment of the oxime with 

NCS in chloroform followed by addition of the dipolarophile and then 

slowly adding a chloroform solution of triethylamine. Three alkenes were 

used in cycloaddition reactions with this nitrile oxide: styrene, oct-i -ene 

and diethyl fumarate. The results of these reactions are summarised in 

scheme 49. 

Nitrile oxide (39) reacted with styrene affording the cycloadducts (49a) 

and (49b) in a combined yield of 65%. The isomer ratio was determined 

to be 59:41 after chromatographic separation of the diastereomeric 

products. 

The same procedure applied to the reaction of (39) wth oct-1-ene 

furnished the two diastereomenc cycloadducts (50a) and (50b) in a 

ratio of 48:52 determined after separation by flash column 

chromatography; the combined yield was 70%. 

Diethyl fumarate reacted with (39) giving a mixture of diastereomenc 

cycloadducts (36%) after chromatography. The isomeric isoxazoli nes 

(51a) and (51b) could not be completely separated; however, partial 

resolution was achieved by flash column chromatography thus allowing 

the adducts to be characterised independently. 

An estimate of the diastereomer ratio was obtained for the adducts of 

diethylfumarate (51a) and (51b) from an expansion of the 1 H-NMR 

spectrum (200MHz) of the reaction mixture, by measuring the integrals of 

the two isoxazoline H 5  doublets. The isomer ratio was estimated to be 

Ca. 1:1. 
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scheme 49 

Thomas and co-workers 75  found that the cycloadditions of nitrile oxides 

(54) and (55) (Scheme 50), generated from the corresponding 

hydroximoyl chlorides (52) and (53), with diethyl fumarate also 

afforded a 1:1 mixture of cycloadducts in both cases. 
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scheme 50 

The 1 H-NMR spectra of the cycloadducts of the oxazolidine nitrile oxide 

(39) at room temperature show poor resolution of some signals; but 

when the spectra are re-run at approximately 600C  there is a distinct 

improvement in the resolution. This is exemplified in Fig. 34 with the 

spectrum of (49b) recorded at both temperatures. This is again 

attributed to "flipping between the different conformations of the 

oxazolidine ring, which at room temperature may be slow enough to 

cause broadening of the signals. This has previously been reported by 

Garner and Park101  to occur with the oxazolidine methyl ester (17) and 

by Mann and co-workers105  for a similar 4-substituted system (56). 
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2.2.8 Assignment of Configuration. 

It was not possible to grow crystals for X-ray analysis. Instead it was 

decided that an attempt could be made to assign the configurations by 

relating the oxazolidine/isoxazoline adducts to the products of the 

cycloaddition reactions of 2-phenyl-4,5-dihydro-oxazole-4-carbonitrile 

oxide (41). These had been assigned on the basis of a single crystal X-

ray structure obtained on the faster eluting adduct of styrene, (RS/SFI)-5-

phenyl-3- (2-phenyl-4 ,5-di hydro-oxazol-4-yl)-2-isoxazoline (46a). To this 

end cycloadduct (50b), the slower eluting isomer from the reaction 

between nitrile oxide (39) and oct-i -ene, was treated with trifluoroacetic 

acid and water at room temperature, thus completely deprotecting the 

amino-alcohol moiety. The product was isolated in 63% yield (scheme 

51) after flash chromatography. This compound (57) proved to be 

unstable at room temperature, it was therefore characterised by 1 H-NMR 

(all the signals were broad and poorly resolved) and an accurate FAB 

mass spectrum. It was then reacted with ethyl benzimidate in 

dichloromethane, furnishing, after preparative thin layer chromatography, 

oxazoline (47a) in 44% yield ([aID (21°C) +24.5 0  (c 0.1 in CHCI3). 

Comparison of the 1 H-NMR spectrum of (47a) with the spectra of the 

adducts (47a) and (47b), formed in the reaction of 2-phenyl-4,5- 
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dihydro-oxazole-4-carbonitrile oxide (41) and oct-1-ene, show it to 

correspond to the first eluted isomer from that reaction. This has been 

tentatively assigned the (RR/SS) configuration. On this basis the first 

eluted cycloadduct from the cycloaddition reaction of oct-i -ene with (4R)-

3-(N-t-butoxycarbonyl)-2 ,2-di methyloxazolidine-4-carbonitrile oxide (39) 

is (5S,4' F-5-hexyl-3-[3'-( N-t-butoxycarbo nyl)-2' ,2'-di methyloxazolidi n-4'-

yl]-2-isoxazoline (50a), while the slower eluting isomer (50b) 

possesses the (5R,4'F configuration. Extrapolating this to the adducts 

formed between the oxazolidine-nitrile oxide (39) and styrene, the 

diastereomer which eluted first was assigned as (5R,4'R-5-phenyl-3-[3'-

(N-t-butoxycarbonyl)-2',2'-dimethyloxazolidin-4'-yJ]-2-isoxazoline (49a), 

while the second eluted isomer (49b) was assigned the (5S,4'F 

configuration. 

O-N 	 O-N 
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scheme 51 



The relationship between the oxazolidine nitrile oxide (3 9) cycloadducts 

with styrene and oct-i -ene was not made purely on the order of elution; 

while the 1 H-NMR spectra of the isomeric pairs are virtually identical, 

there were some differences in the 13C..NMR which were consistent for 

both sets of compounds, these are shown in Fig. 35. For the three carbon 

atoms shown the slower eluting isomer of each pair of compounds have 

their signals at slightly higher chemical shift. 

No attempt has been made to assign the absolute configuration of the 

cycloadducts of nitrile oxide (39) with diethyl fumarate. 

RC5 	II 

H  
Boc 

(49a) 	(49b) 	(50a) 	(50b) 

C3  157.8 158.2 158.3 158.5 

C5  81.8 81.9 80.85 81.0 

C5,  66.3 66.7 66.6 66.8 

em 
	

i  

Fig. 35 

2.2.9. Final Comments on the 1 H-NMR Spectra of the Chiral 

Nitrile Oxide Adducts. 

In the 1 H-NMR spectra of several of these cycloadducts the signals for 

each of the isoxazoline 1-14a  and H4b  resonances show fine splitting (Ca. 

0.8 Hz). This is attributed to long range (40  coupling with the 1-1 4. 

hydrogen of the oxazolidine and oxazoline rings. This hypothesis was 

confirmed by a decoupling experiment in which the oxazoline H 4. proton 
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of (RR/SS)-5-phenyl-3-(2-phenyl-4,5-dihydro-oxazol-4-yl)-2-isoxazoline 

(46b) was irradiated; this resulted in the collapse of the fine splitting of 

the isoxazo line H 4  signals (Fig. 36). 

2.2.10, Conclusion. 

The cycloaddition reactions of the two heterocyclic nitrile oxides (39) 

and (41 )furnished the corresponding bis-heterocyclic adducts in poor to 

moderate yield. When the oxazoline-nitrile oxide (41 ) was not formed in 

a low steady state concentration only the furoxans (45a) and (45b) 

were isolated. 

In all of the cycloaddition reactions 7r-facial selectivity was very poor, this 

is consistent with previous reports. 74-76  

Removal of the -amino-alcohol protection resulted in the formation of 

the 3-amino-ethanol-2-isoxazoline (57b); this compound was unstable 

at room temperature. 
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There are many examples of nitrogen and oxygen containing 

heterocyclic compounds in the patent literature which function as 

lubricant additives. 126  These are exemplified by the structures shown in 

Fig. 37 which have been patented as friction modifiers. 

0 
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R=1 0-36C aliphatic 
in survey 

HoH2c. C:> 
R and R' not defined 
in survey 

HO 

NR 

HO 
0 

eg N-octyltartaramide 

Fig 37 

Friction modifiers are usually oil soluble long chain polar molecules 

which show a strong tendency to be adsorbed onto metal surfaces. They 

form ordered multi-decked layers, the outer layers of which are easily 

sheared off giving a low coefficient of friction. 

There are also examples of isoxazoles and their saturated analogues 
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functioning as corrosion inhibitors (Fig. 38). Addition of corrosion 

inhibitors to hydrocarbon oils is desirable because oxidation of this type 

of base oil can yield a variety of compounds which attack metals and 

promote rust. Corrosion inhibitors can act in two ways: they can 

neutralise acidic products formed from oxidation of the oil, or by the 

formation of a corrosion resistant film on the metal surface. 

NO2  

R=2-20C 	 R=6-20C Aryl 
R=1-20C Alkyl 
R=1-30C Alkyl 

CH2OH 

R groups not defined 
in survey 

Fig. 38 

The synthesis of 3,3'-bi-isoxazoles, 3,3'-isoxazolylisoxazolines and 3,3'-

bi-isoxazolines might provide novel compounds which could be of 

interest as lubricant additives. The reason for choosing the 3,3'-bis-

heterocycles (58), as opposed to isomers with different points of ring 

linkage, was that suitable precursors to the isoxazole- and isoxazoline-3-

carbonitnie oxides were readily available, and that a planar arrangement 

of the resulting cycloadduct's two heterocyclic rings, with respect to each 

other, would be predicted on the basis of extended conjugation involving 

the C=N double bonds. This may enhance adsorption at a metal surface. 

O-N 

R ._1 	 R' 

(58) N—o 
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Previous approaches to 3,3'-bi-isoxazoles and isoxazolines have 

involved the use of either oxalodinitrile oxide (59) or isoxazole- and 

isoxazoline-3-carbonitrile oxides. There follows a brief survey of the 

relevant literature. 

0—NEC—CN-O 

(59) 

2.3.1.1. Use of Oxalodinitrile Oxide In the Synthesis of 3.3'-

12i-isoxazoles. 

Oxalodi nitri le oxide (dicyanogen-bis-N-oxide) cycloadditions with olefins 

and acetylenes provide the most obvious approach to this class of bis-

heterocycle and, although this nitrile oxide is known to be explosive, 127  

the dangers are minimised by in situ generation. A significant synthetic 

limitation of this procedure, however, is that non-symmetrical 3,3'-bi-

isoxazoles cannot be readily prepared. 

The parent member of the 3,3'-bi-isoxazole series (62) was first 

prepared by Quilico and co-workers 128  in 1957 (scheme 52) by the 

cycloaddition of oxalodinitrile oxide (59), generated from 

dichloroglyoxime (61), with ethynylmagnesium bromide (60). 

C1 	C1 
2 HCCMgBr + 

HON 	NOH 

(60) 	 (61) 
	

(62) 

scheme 52 
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Grundmann 129  carried out an extensive investigation of the reactions of 

oxalodinitrile oxide, including 1,3-dipolar cycloaddition reactions with 

phenylacetylene, diphenylacetylene, styrene, maleic anhydride, trans-

stilbene, cyclohexadiene, cyclopentadiene, and butadiene. 

The reaction with phenylacetylene afforded an 80% yield of 5,5'-

diphenyl-3,3'-bi-isoxazole (64) along with 15% of 3,4-bis-(5-

phenylisoxazol-3-yl)furoxan (65) which results from dimerisation of the 

intermediate isoxazole-3-carbonitrile oxide (63) (scheme 53). 
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scheme 53 

The corresponding reaction with diphenylacetylene was reported to have 

produced no cycloadducts due to the low reactivity of the dipolarophile. 

The cycloaddition to styrene furnished a mixture of diastereomers, "cis-" 

and "trans-"bi-isoxazolines (66a) and (66b), in good yield (scheme 54). 



105 

The exact stereochemistry of each of the adducts was not established. 

(59) also reacted with trans-stilbene to give a pair of diastereomeric 

adducts (67a) and (67b) (scheme 54). 

0NC-CN-O 

(59) 

Ph 

0-N 	
R 	 R 0-N 	- 

Pha....().........(l) Ph + 	Phl.._()L....*\_ 
 Ph 

N-O 	 N-O 

(66a) R=H 	 (66b) R=H 
(67a) R=Ph 	 (67b) R=Ph 

scheme 54 

Other workers have also made use of oxalodinitrile oxide for the 

preparation of 3,3'-bi-isoxazoles and polyisoxazoles. Quilico 128  used 

(59) to prepare a series of bi-isoxazoles by reacting dichloroglyoxime 

(61 ) with a variety of acetylenic magnesium bromides (scheme 55). 

2.3.1.2. Use—of Isoxazole- and 2-lsoxazoline-3-hvdroximovl 

Halides. 

One of the attractive features of using the heterocyclic hydroximoyl 

halides for the preparation of bi-isoxazoles is that non-symmetrical 

products can be obtained. In 1965, the cycloaddition reaction of 5-

phenyl-2-isoxazoline-3-carbonitrile oxide (68), generated by thermal 

elimination of hydrogen chloride from the corresponding hydroximoyl 
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chloride in refluxing toluene, with styrene, 130  afforded bi-isoxazolines 

(66a) and (66b) identical to those prepared from oxalodinitrile oxide 129  

(scheme 56). The same nitrile oxide is also reported to have been 

reacted with phenylacetylene. Oxidation of the isoxazoline rings of (66a) 

and (66b) furnished the corresponding bi-isoxazoles. 

C1 	I + RCCMgBr 

HON 	NOH 

(61) 

R= C41-19 , C61-15, MeC6H4 , 

R < 

C)"."OCH2  

scheme 55 
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There are also some examples in the literature of the use of isoxazole-3-

hydroximoyl chlorides as nitrile oxide precursors in the synthesis of bi-

isoxazoles131  and polyisoxazoles.132 133 

Ricca and Gaudiano 131  prepared isoxazole-3-hydroximoyl chloride (70) 

by reaction of 3-chloroglyoxime with ethynylmagnesium bromide, which 

afforded 3-aldoximinoisoxazole (69), followed by treatment with chlorine 

gas in carbon tetrachloride (scheme 57). The hydroximoyl chloride (70) 

was reported to be very irritating to the mucous membranes. 

Dehydrochlorination of (70) in the absence of a dipolarophile yielded the 

furoxan (71), while reaction with acetylenic magnesium bromides 

furnished a range of 3,3'-bi-isoxazoles in yields which varied from 20-

57%. 

H 	 CI 
H)<CI HCCMgBr HONC Cl2CCIHONC) 

HON 	NOH 	 N 03\ 	N 0)\ 

(69) 	 (70) 

Na2C2O 

RCCM/ 

0 O 	 —Nflp  
N 	 N—O 

O 	- 

(71) 	 R=H, C4H9, Ph, p-MeC6H4 . 

scheme 57 
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The same approach, namely the addition of hydroximoyl chlorides to 

acetylenic magnesium bromides, has been applied to the preparation of 

polyisoxazoles containing three, four and six rings.132 133  3,3',5',3"-tri-

isoxazole (72) was synthesised in four steps and 43% overall yield by 

the sequence of reactions depicted in scheme 58. 

OH 	 NOH 
0—N 	 0—N 	11 

Mn02 	 CH  

H2NOH 	

Cl2ICCI4 

N-O 	 N-O 

NOH 
0-N 	11 	 kO- N ca 

4~ 	
N 

HCECMgBr 

N-0 	 N-0 

(72) 

scheme 58 

The tetraisoxazole member of the series (73) was prepared by the 

reaction of an excess of isoxazole-3-hydroximoyl chloride (70) with 

butadiynyldimagnesium bromide (74) in 47% yield (scheme 59). 

The largest analogue 3,3',5',5",3",3",5",5",3",3"-hexaisoxazole 

(76) was prepared in 40% yield by reaction of dichloroglyoxime (61) 

with an excess of 3,3'-bi-isoxazolyl-5-ethynylmagnesium bromide (75) 

(scheme 60). 
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2.3.2. 	Preparation of Substituted Isoxazole- and 2- 

Isoxazoline-3-aldoximes. 

In the present work isoxazole- and isoxazoline-3-aldoximes were seen 

as convenient precursors to the desired heterocyclic-3-carbonitrile oxides 

(scheme 61), as they could be prepared in three steps from readily 

available starting materials, namely ethyl chloro-oximidoacetate, which is 

in turn readily accessible from glycine ethyl ester hydrochloride. 

HON 
c( 

R 
	

- 0—NC 

scheme 61 

The synthetic sequence relies heavily on the methodology developed by 

Wade and De Micheli' 34  for the conversion of 3-ethoxycarbonyl-2-

isoxazolines to the corresponding 3-formyl-2-isoxazolines either by direct 

hydride reduction (DIBAL) or by reduction to the methyl alcohol followed 

by oxidation to the aldehyde (scheme 62). 

EtO2C 	R 	 OHC 	R 

DIBAL 

N , 	 N,,...
0 	Ph 

NaBH4 	
HO 	 R 	

Swem oxidation 

EtOH or CH2Cl2 	
NPh 

scheme 62 
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Ethyl chloro-oximidoacetate was prepared in good yield according to the 

literature procedure 135  and used in the subsequent preparation of 5-

substituted isoxazoles and isoxazolines (77a-e) (table 6). 

Table 6. Cycloaddition reactions with ethoxycarbonylformonitri le oxide 

Dipolarophile 	Adduct 	No. Yield (%) Procedure 

EtO2C 

PhCCH 	

LPh 	
77a 	70 	A 

EtO2C 
H17C8CCH 	 77b 	79 	B 

EtO2C 

PhCHCH2 

	

	 77c 	91 	B 
N1 

Ph 

EtO2C 

H17C8CHCH2 	 77d 	100 	B 
C8H17  

EtO2C 	C4H9  

H9C4CECC4H9 	 77e 	31 	A 

Nitrile oxide generated by thermal elimination of HCI in 
refluxing xylene. 
Nitrile oxide generated by treatment with triethylamine. 

In the cycloaddition reactions of ethoxycarbonylformonitrile oxide with 

phenyl acetylene (77a) and dec-5-yne (77e), the 1,3-dipole was 

generated by thermal dehydrochlorination 49-51  of ethyl chioro-

oximidoacetate in refluxing xylene, due to the lower reactivity of these 
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dipolarophiles. The reactions with dec-1-yne (77b), styrene (77c) and 

dec-1-ene (77d) were carried out using the slow addition of 

triethylamine via a syringe pump to generate the nitrite oxide. 

The first attempt to convert 3-ethoxycarbonyl-5-phenylisoxazole (77a) to 

the corresponding 3-formylisoxazole (79a) involved reduction of the 

ester to the 3-methylalcohol (78) followed by oxidation to the aldehyde 

(scheme 63). The reduction with sodium borohydride proceeded in high 

yield (86%); the oxidation to the aldehyde (79a) (82%) was effected 

using pyridinium chlorochromate (P00). 111  In the procedure developed 

by Wade et 034  the latter oxidative transformation was made under 

Swern oxidation conditions; 112  however, it was felt that PCC oxidation 

was a more straightforward protocol as it does not require the drying of 

several reagents, including DMSO, beforehand. 

EtO2C 	 OHC  
NaBH4 	 PCC/CH2Cl2 

EtOH N) 

(77a) 	 (78) 	 (79a) 

scheme 63 

The second and more direct approach developed by Wade and co-

workers' 34  involved direct conversion of the ester to the aldehyde by 

reduction with DIBAL. When the same procedure was applied to the 

conversion of the ester (77a) to aldehyde (79a) the latter was isolated 

in 85% yield, as a sweet-smelling white powder. A small amount (13%) of 

alcohol (78) was also isolated in this reaction. Having tested the 

methodology on ester (77a), the one step reductive method (DIBAL) was 

adopted for the conversion of esters (77a-e) to the corresponding 
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aldehydes (79a-e). The results are shown in table 7. 

Table 7. DIBAL reduction of esters 77a-e. 

Ester (77) 
	

Aldehyde (79) 
	

Yield (%) 

EtO2C 	

Ph 

EtO2C 

EtO2C%) 	

Ph 

EtO2C, 

EtO2C,H9  

0 CA 

OHCS 	

Ph 

OHCS  

OHCS 	

Ph 

OHC 

OHC 	C4H9  

N %_ C  
' C4H9  

C 

e 

87 

51 

73 

83 

The aldehydes (79a-e) were purified by flash column chromatography 

over silica or by Kugelrohr distillation. The lower yield of 3-formyl-5-

phenyl-2-isoxazoline (79c), although comparable to that reported by 

Wade' (63%), is thought, at least in part, to be due to some 

decomposition during distillation. 

Two approaches were investigated for the conversion of the isoxazole-

and 2-isoxazoline-3-carboxaldehydes to their corresponding oximes: the 

first made use of a two phase system while the second involved pyridine 

as the solvent. 
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The first approach, in which the hydroxylamine hydrochloride was added 

to an aqueous sodium hydroxide solution followed by the addition of an 

ethereal solution of the aldehyde, suffered from the problem that the 

oxime, once formed, tended to precipitate as the sodium salt. This was 

overcome by adding chloroform which dissolved the salt. This procedure 

was tested on aldehydes (79a) and (79d) and afforded the oximes in 

70% and 77% yields respectively. However, reaction times were found to 

be quite long and additions of further sodium hydroxide solution and 

hydroxylamine hydrochloride was required to achieve complete 

consumption of the aldehyde. 

Pyridine proved to be a superior solvent for this conversion; reactions are 

generally complete in about one hour and yields of oxime were good to 

excellent (table 8). 

It is interesting to note that only the 5-alkyl substituted heterocycles seem 

to give an appreciable amount of the Z-oxime, whereas the 5-phenyl 

substituted rings and the 4,5-disubstituted isoxazole (80e) give almost 

exclusively the E-oxime. However, it must be noted that in all but the case 

of oxime (80d) the oximation products were not analysed ( 1 H-NMR) until 

after purification and so small amounts of the Z-oxime may have been 

lost. 

The effect on the E2'-isomer ratios of the two different methodologies 

employed for the preparation of the oximes was investigated in the case 

of 3-aldoximino-5-octyl-2-isoxazoline (80d). The products from both 

solvent systems were analysed by 1 H-NMR before recrystallisation; this 

showed that the two phase system afforded a mixture of isomers (63:37), 

while carrying out the reaction in pyridine resulted in almost exclusive 

formation of the E-oxime (<95%). 



Table 8. Preparation of oximes 80a-e. 
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Yield (%) E/Z Ratio Aldehyde (79) 

OHC 

a  
0 	Ph 

OHC 

b 	
C8H17 

OHC 

C

S)  

0 	Ph 

OHC 

d

N %_ C  
CA  OHC 	C  

Oxime (80) 
H 

HON 

H 
— HON C  

I 
Ph 

H  

HON 

	

H 	
C8H17 

	

HONC 	C4H9 

N %_ C  

70a 	Ca 100:0c 
90b 	Ca lOO : OC 

89k' 	87:13c 

94 b 	ca 100:Od 

77a 	63:37e 

81 b 	<95%Ee 

79b 	CalOO:OC 

a) Two phase procedure. b) Pyridine as solvent. c) Recrystallised 
product. d) Distilled product. e) Crude reaction product. 

idev%4k44ev% 
The stereochemical A 	of the isomers wos made on the basis of the 

attempted rearrangement of 3-aldoximino-5-phenylisoxazole (80a) in 

the presence of base. This reaction, sometimes known as the Boulton-

Katritzky rearrangement 136  (scheme 64), is believed to involve a 

nucleophilic displacement at nitrogen 137  and in the case of oximes has 

been shown only to occur with the Z-isomer. 136  When an ethanolic 
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Y*x 

H  

C :B 	scheme 64 

Y,N 

solution of (80a) was treated with 20% aqueous potassium hydroxide 

under ref lux for 100 minutes, only the starting oxime was isolated. It was 

therefore assigned the E-configuration (scheme 65). The stereochemistry 

of the other oximes was assigned by analogy. 

HO 	

Ph 

20% KOH (aq) V_ 
If 

{y Ph 

0 

 65 

The 1 H-NMR spectra of both the isoxazole and 2-isoxazoline oximes 

(80a-d) show a long range coupling (40 between the protons at the 4-

position of the ring and the oxime hydrogen (Fig. 39) (page119). The 

existence of this long range coupling was confirmed by irradiation of the 

oxime proton of 3-aldoximino-5-phenylisoxazole (80a) and 3-

aldoximino-5-octyl-2-isoxazoline (80d); in both cases this resulted in the 

collapse of the fine splitting of the heterocyclic H 4  ring protons (Fig. 40 & 

41). This observation is consistent with a similar long range coupling 

seen in the 1 H...NMR spectra of the adducts of 5-phenyl-4,5-dihydro-

oxazole-3-carbonitrile oxide (sect 2.2.9) which was also confirmed by a 

1 H.NMR irradiation experiment (Fig. 42). 
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1-14 

It 

HO 
N 

H1 . 

ppm 

Hi' 

H4 

H4 

ppm 

Fig. 40 

H4' 

After irradiation of Hi' 
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HO N H48 H 
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/ 

v1 

'jUL 

Fig. 41 
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1̀ 000  HO 
H5 

HO. N 
	

R 

JW r (Hz) 	 JH4a*14b r (Hz) 

R=Ph 	0.4 	 R=Ph 	0.7 
R=C8 1-1 17 	Not observed 	R=C8 1-1 17 	0.7 

Fig. 39 

Ph 

Ph 

4J=0.8 and 0.95Hz 

Fig. 42 

2.3.3. Generation and Cvcloaddition Reactions of lsoxazole 

Initially the protocol which was envisaged for the conversion of the 

isoxazole and 2-isoxazoline oximes to the corresponding nitrile oxides 

was to chlorinate with chlorine gas, followed by isolation of the 

hydroximoyl chlorides and dehydrochlorination with triethylamine in the 

presence of the dipolarophiles. To this end aldoxime (80a) was treated 

with chlorine gas in chloroform at -5°C. However, despite consuming the 

oxime, no identifiable products could be isolated from the reaction 
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mixture. It is known that isoxazoles undergo electrophilic aromatic 

substitution reactions at the 4position 138  and this may be a competing 

process in this reaction. In an attempt to test this hypothesis 3-

aldoximino-4,5-dibutylisoxazole (80e), which is not able to undergo this 

side reaction, was treated with a chloroform solution of chlorine 

according to the procedure employed by Dondoni et al' 39  for the 

preparation of some thiazole hydroximoyl chlorides. The IA spectrum of 

the crude product showed an 0-H stretching band (3250 cm -l) and a 

strong signal at 760 cm -1 , which may have been due to C-Cl stretching. 

Treatment of a portion of the crude chlorination product with triethylamine 

resulted in the formation of a white precipitate which was assumed to - be 

triethylamine hydrochloride. The oil obtained after the removal of the 

precipitate and solvent showed no 0-H band in the IR spectrum; a strong 

signal appeared at 1620 cm -1  characteristic of furoxans. 14° This evidence 

is consistent with the formation of the isoxazole-3-hydroximoyl chloride 

(81) (scheme 66). 

HO 	 C4H9 	 H01% C1 	C4H9Nzac 

CHC&C12 

N, 	 N, 
CH9 	 %0 

	C4H9 

(80e) 
	

(81) 

scheme 66 

The remainder of the crude oil from the chlorination was dissolved in 

ether and treated with tnethylamine in the presence of hex-1-ene. The 

1 HNMR spectrum (80 MHz) of the product from the reaction showed that 

some isoxazoline (82) had been formed (scheme 67) and thus 
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confirmed that the desired chloro-oxime had been produced. However, it 

was decided not to pursue this means of generating the nitrile oxides, 

since it requires the use of chlorine gas, and also results in messy 

reaction products which are difficult to purify. It is also not applicable 

when isoxazole rings with unsubstituted 4-positions are involved. 

O-N C HON 	
,C4H9 Et3N/Et20 	

H9C4 	

4H9 

.(.).ç0ø( .  

	

/ \ 
	Hex-1 -ene N% 	
C4H9 	

N.....0 	
CA 

	

(81) 
	

(82) 

scheme 67 

Various hydroximoyl chlorides are known to be toxic or severe irritants. 

Benzohydroximoyl chloride is a skin irritant and isoxazole hydroximoyl 

chloride (70) was reported to severely irritate the mucous 

membranes. 131  

F' 
HON\ 

N9 

(70) 

Alternative methodology, which would allow the chloro-oxime to be 

generated in situ, were therefore investigated. The first in situ method to 

be tried was that reported by Hassner, 41  involving the use of chloramine-

T (N-chloro-N-sodio-4-methylbenzenesulphonamide) to generate the 

nitrile oxide from the oxime. This process is thought to proceed by 

chlorination of the oxime followed by base catalysed 
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dehydrochiorination. The authors claim very high yields and only use one 

equivalent of chloramine-T for these reactions. When this protocol was 

investigated for the conversion of 3-aldoximino-5-phenylisoxazole (80a) 

and 3-aldoximino-5-octylisoxazole (80b) to the corresponding nitrile 

oxides, which were trapped with a suitable dipolarophile (scheme 68), 

yields were low and more than one equivalent of chloramine-T was 

required to achieve complete consumption of the oxime. A possible 

explanation for the need to add more than one equivalent of chioramine-

T could be that it is reacting with the alkene to form the chlorohydrin, 141  

although Hassner41  discounts this possibility on the grounds that the 

hydroximoyl chloride is formed too rapidly to allow the chloramine-T to 

react with the olefin. 

H 
HON --C  

R2HCCH2 
OP 

R2 

R1 	

(> 
Chloramine-T 

EtOH N'-%o 	R1  

Yield 
(80a) R 1 =Ph 	 (83) R1 =Ph, R2=C4H9. 38% 

(BOb) R 1 =C8H 17 	 (84) R 1 =R2=C8H 17 	13% 

scheme 68 

The very low yield obtained in the reaction of the nitrile oxide derived 

from (80b) and dec-1-ene is probably, in part, due to an inefficient 

recrystallisation. However, it was felt that the yields were too low for this 

method to be adopted for the generation of these heterocyclic nitrile 

oxides. 

The second in situ method to be investigated was the use of aqueous 

sodium hypochiorite solution in a two phase system for the generation 
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and trapping of the 1 ,3-dipole. 35  This system was mainly applied to the 

generation of the isoxazole nitrile oxides and only one cycloaddition with 

5-phenyl-2-isoxazoli ne-3-carbon itri le oxide was performed. The majority 

of these reactions were carried out with sodium hypochlorite solution, 

which was prepared by bubbling chlorine gas through an aqueous 

sodium hydroxide solution; however, in the three cycloaddition reactions 

with 2-vinylpyridine commercial sodium hypochlorite solution was used 

successfully. 

The first reaction to be investigated was that of 3-aldoximino-5-

phenylisoxazole (80a) with hex-i -ene, which furnished 5-butyl-3-(5-

phenylisoxazol-3-yl)-2-isoxazoline (83) in 31% yield, after recrystal-

lisation from hexane. This yield is comparable to that obtained with 

chloramine-T (38%). The same oxime was used in cycloaddition 

reactions with styrene, 2-vinylpyridine and dec-i -ene and the results are 

summarised in scheme 69. With the exception of adduct (87) the yields 

quoted are for recrystallised products. One of the features of this series of 

experiments is the difference in yields for the cycloaddition reactions with 

hex-1-ene and dec-1-ene, which should have similar reactivity. The 

difference in the yields is probably due to a better recovery of (85) from 

the recrystallisation. Compounds (83) and (86) were isolated by 

recrystallisation of the crude reaction product, while (85) and (87) were 

first flash column chromatographed. 

The two yields quoted for the adduct of 2-vinylpyridirie were recorded 

after chromatography; the first (44%) was the recovery when the sodium 

hypochlorite solution was added in one portion, the latter (53%) was 

obtained when the oxidant solution was added by syringe over twenty 



H 
— C HON 

RCH=CH2  , 

CH2Cl2 or CHCI3 
NaOCL/H20 

(80a) 

(83) R=C41-19  
 R=C81-1 17  

 R=Ph 

 R=2-Pyndyl 
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N 	Ph 

Yield (%) 

31 1  

51 1  

48 1  
442 & 532 

Hypochiorite solution prepared in lab 
Commercial hypochlorite solution used. 

scheme 69 

minutes. Thus by maintaining a lower concentration of the oxidising 

agent, yields can be slightly improved, presumably by minimising 

competing dimerisation reactions of the nitrile oxide. Indeed, in the 2-

vinylpyridine cycloaddition reaction the furoxan (65)was isolated in 31% 

yield. This sample was identical to one prepared by generating the nitrile 

oxide in the absence of a dipolarophile ( 1 H-NMR, mp) (scheme 70). 

The hypochiorite protocol was also used to generate the nitrile oxide 

derived from 3-aldoximino-5-octylisoxazole (801b), 3-aldoximino-4,5-

dibutylisoxazole (80e) and 3-aldoximino-5-phenyl-2-isoxazoline (80c). 

The results of these reactions are shown in scheme 71. Adducts (89) 

and (82) were both prepared on a small scale (Ca. 100mg of oxime) 

using a sodium hypochlorite solution prepared in the laboratory. Both 

showed extremely clean conversion of oxime to the bis-heterocyclic 

adducts by tic of the reaction mixture. The variation in isolated yields is 

attributed to more efficient isolation of adduct (82). 
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Ph 	 Ph 

H 
HONC 

N 	
SIN 

Ph 

(80a) 

NaOCI 4 

44% 

 

(65) 

1) NCS / CHCb. 2) Et3N 

43% after recrystaflisation 

scheme 70 

H 
HONC 	R 

R2 

R3HCCH2 /CH2C 
10 

NaOCl/H20 

ON 	R1 

R3 	 R2  

N—O 

Yield (%) 

(80b) R1 =H, R2=C8H 17   R1 =H, R2=C8H 17, R3=75 

(BOb) R 1 =H, R2=C8H 17   R 1 =H, R2=C8H17, R3= C
41-1 9 	51 

(80e) R1 = A2  =C4H9  (82) R1 = R2= R3=C4H9 	 93 

HON 	
(11L CH2Cl2 

NNaOCL/H20 
Ph 

(80c) 	

Czl N~ 	\N-0 

Ph 

 

scheme 71 
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The cycloaddition reaction between 5-octylisoxazole-3-carbonitrile oxide 

and 2-vinylpyridine utilised commercial sodium hypochiorite solution for 

the generation of the 1,3-dipole. The product was isolated as a clear oil in 

75% yield after flash column chromatography. A portion of the product 

was converted to the hydrochloride salt by treatment with ethereal HCl to 

provide an analytical sample. 

The final reaction in this series of experiments was the cycloaddition of 5-

phenyl-2-isoxazoline-3-carbonitrile oxide, generated by treatment of 

aldoxime (80c) with commercial hypochlorite solution, with 2-

vinylpyridine. This furnished cycloadduct (90) (scheme 71) in 50% yield 

presumably as a mixture of "cis" and "trans" isomers, although they could 

not be separated by tic or flash chromatography. A second component 

isolated from this reaction, in 21% yield, was tentatively assigned as the 

furoxan (91); this would also be expected to be a mixture of 

diastereomers. The structure was assigned on the basis of the mass 

spectrum which shows the required parent ion (E.l. M 376, 6%) and the 

1 HNMR spectrum which shows isoxazoline peaks but no pyridyl signals. 

	

Ph 	 Ph 

	

tN 	 N- 

N Nt 

(91) 

In the presence of pyridine, nitrile oxides can also dimerise to 1,4,2,5- 

dioxadiazines142  (92). These reactions are reported to be high yielding 

when the solvent is ethanol, but yields drop markedly when apolar 

solvents are employed and the dimers would give the same parent ion in 
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the mass spectrum. The factors which mitigate against this structure (92) 

R 	0 %  

2 RCEN4-0 EtOH, Pyridine 

NA 
R 

(92) 

being the by-product in the present work are: firstly, the solvent was 

dichloromethane in which the yield of dioxadiazine would be expected to 

be low; secondly, in the cycloaddition reaction between 5-

phenylisoxazole-3-carbonitrile oxide and 2-vinylpyridine the compound 

which was assigned the furoxan structure showed an identical 1 H-NMR 

spectrum to a sample prepared by generating the nitrile oxide in the 

absence of a dipolarophile where no pyridyl species were present; under 

these conditions the product would be expected to be the furoxan. 

Pyridine is also reported to undergo cycloaddition reactions with nitrile 

oxides in apolar solvents' yielding adducts of the type shown in 

scheme 72. In the present work no such bis-adducts were observed, 

presumably because the terminal olefinic bond in 2-vinylpyridine 

provides a much more energetically favourable cycloaddition partner 

than the ring 7t-bonds, reaction of which would result in disruption of the 

aromatic system. 

The final procedure to be investigated for the generation of isoxazole-

and 2-isoxazoline-3-carbonitrile oxides involved treatment of a 

chloroform solution of the oxime with (NCS) together with a catalytic 

amount of pyridine to generate the hydroximoyl chloride, followed by 

dehydrochlorination in the presence of the dipolarophile with 

triethylamine.40  All five oximes (80a-e) were reacted with a variety of 



128 

Ph 

Th
) 
	

0—N 

Ph 

PhCEN+-0

y

N 	N' 	 \+ 
E20 	

'" 

0 	 0 

 

 N 0 

N 	 \= N1  
Ph"  

scheme 72 

dipolarophiles using this protocol. The first oxime to be used was 3-

aldoximino-5-phenylisoxazole (80a). Four dipolarophiles were 

employed in this series: styrene, dec-1-ene, eicosene, and dec-i -yne 

and the results are summarised in scheme 73. 

HON 	

Ph 

(80a) 

NCS, pyridine (cat), CHCI3 
or 1 ,2-dichloroethane. 

dipo1arophi1e,Et3N/CHCI3. 

R 

N.0 	Ph 

Dipolarophile Adduct Yield (%) 

PhCHCH2  (86) R=Ph 
541 

C8H17CHCH2  (85) R=C81-117 511 

C18H37CHCH2  R=C18H37 721 

C8H1 C MCH R=C81-117 402 

1 .Yield from recrystallisation of crude reaction product. 
2.Yield after chromatography. 

scheme 73 

In the literature procedure the conversion of the oxime to the hydroximoyl 

chloride with NCS40  is carried out at 25°C; however, with oxime (80a) it 
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was found to work better at 4000  due to its lack of solubility in chloroform 

at room temperature. After the dipolarophile had been added, the 

solution of triethylamine was added over several hours by means of a 

syringe pump. Adducts (85), (86) and (93) were isolated by 

recrystallisation of the crude reaction product, whereas bi-isoxazole (94) 

was obtained after flash column chromatography. 

The same four dipolarophiles were next employed in the cycloaddition 

reaction with 5-octylisoxazole-3-carbonitrile oxide, generated by the NCS 

methodology from oxime (80b). The outcome of this series of reactions is 

shown in scheme 74. 

	

H 	

R 

	

HONC 	 1) NCS, pyridine (cat), CHCI3. 

2) dipoIarophiIe,Et3N/CHC. N 	
C8H17 

(80b) 

Dipolarophile Adduct Yield (%) 

PhCH=CH2  R=Ph 721 

C8H17CHCH2  (84) R=C81-117 572 

C18H37CHCH2  RC181-137 621,3 

C8H 1 C. 	CH R=C8H17 361 

1 .Yield after chromatography. 2.Yield after recrystallisation. 
3. 87% based on recovered oxime. 

scheme 74 

All of the adducts, apart from (84), were isolated by flash column 

chromatography, and all were solids with relatively low melting points. 
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The reactions with the olefinic dipolarophiles furnished the 

isoxazole/isoxazoline adducts in moderate to good yields. With eicosene 

the product, 5-octadecyl-3-(5-octylisoxazole-3-yl)-2-isoxazoline (96), 

was isolated in 62% yield. However, oxime (80b) was recovered from 

the reaction mixture suggesting that in this case the chlorination was 

incomplete; the yield based on consumed oxime was 87%. The low yield 

of bi-isoxazole (97) (36%) reflects the lower reactivity of acetylenic 

dipolarophiles. A small quantity of a by-product was recovered from this 

reaction. On the basis of its 1 H and 13C-NMR spectra it is tentatively 

identified as the furoxan (98). 

H17  7 

(98) 

In the 1 H-NMR spectra of the adducts of 5-octylisoxazole-3-carbonitrile 

oxide the signal for H 4  of the isoxazole appears as a finely split triplet 

(J=0.8 Hz). Since this feature is not observed when the ring possesses a 

5-phenyl substituent it seems likely that this is due to a 4J  long range 

coupling to the a-methylene of the octyl chain. Some selected 1 H and 

13(NMR data for the adducts of the isoxazole-3-carbonitrile oxides are 

presented in tables 9,10 and 11. 

The final isoxazole nitnle oxide to be generated by this procedure was 

4,5-dibutylisoxazole-3-carbonitnle oxide from oxime (80e). This was 

trapped with dec-1-ene, furnishing adduct (99) in 57% yield (78% based 
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on recovered oxime) (scheme 75). The isolation of some unreacted 

oxime again points to incomplete chlonnation. 

	

H 	 H17C8 	
°• - r 	CA

HONC 	C4H9 

N  _C 1) NCS, pyridine (cat), CHCI3. 

2) C8H1CH2 	 CA 

 

C4H9 3) ENJCHC13 

(80e) 
	

(99) 

scheme 75 

The NCS/Et3N oxidation methodology was next applied to the generation 

of 5-phenyl- and 5-octyl-2-isoxazoline-3-carbonitrile oxides. The 

dipolarophiles employed in this series of reactions were dec-i-ene and 

styrene and the results are summarised in scheme 76. 

Due to the presence of a chiral centre in the nitrile oxide and the 

generation of a second asymmetric carbon in the cycloadducts these 

compounds were isolated by flash chromatography as pairs of racemic 

diastereomers. Only in the case of 5-octyl-3-(5-phenyl-2-isoxazolin-3-yl)-

2-isoxazoline (100), which was prepared from both nitrile oxides, was 

complete separation, by flash chromatography, of the diastereomeric 

products possible. As expected the isolated ratios of the isomeric adducts 

was approximately 1:1; when 5-phenyl-2-isoxazoline-3-carbonitnle oxide 

was reacted with dec-i -ene the isolated ratio was 54:46, whereas for the 

reaction of 5-octyl-2-isoxazoline-3-carbonitrile oxide with styrene the 

same pair of isomeric products were formed in a ratio of 45:55 (scheme 

77). 



Table 9. Selected NMR data for the adducts of 
of isoxazole-3-carbonjtrile oxides. 

H4 ' 

Ri>L)ç'LR2  

HA HP 

1 H-NMR 

1-14 	H5 	1-14a 	 H4b 

R1 =Ph 6.89(s) 5.79(dd) 3.88(dd) 3.42(dd) 
R2=Ph J=1 0.9,8.9 .1=17.4,10.9 J=1 7.4,8.9 

R'=C8 1-1 17  6.91(s) 4.8(m) 3.48(dd) 3.02(dd) 
R2=Ph J=17.2,10.3 J=17.2,8.7 

R1 =Ph 6.44(t) 5.75(dd) 3.82(dd) 3.36(dd) 
R2=C8H 17  J=0.8 J=10.9,8.8 J=17.4,10.9 J=17.4,8.8 

R1 =C8H 17  6.36(t) 4.68(m) 3.41 (dd) 2.96(dd) 
J=018 .1=17.2,10.3 J=17.2,8.6 

13C..NMR 

(3. (.14. (15. U3  C4  C5  

R'=Ph 170.31 97.2  155.51  149.2 41.5 83.4 
R2=Ph 

R1 =C8 1-1 17  170.2 97.2 156.0 149.4 38.7 82.6 
R=Ph 

R'=Ph 174.4 98.7 155.0 149.4 41.7 832 
R2=C8H 17  

R'=C8H17  174.3 98.6 155.5 149.6 38.7 82.4 

R2=C8H 17  

1. The assignment of C 3. and C5. is tentative and is based on 
the assignment of Buchan et aL144  

132 



Table 10. Selected NMR data for 5,5'-substituted 
biisoxazoles. 

H4' R 

Hf 
H-NMR 	1-1 4. 	H4  

	

I R'=CH 17 	6.99(s) 	6.551 (S 

I R=Ph 

	

R 1 =C8H 17 	6.44 (t) 

	

R2 C81-117 	J=0.75 

1. 4J coupling is not observed but the H4 signal is slightly broadened 

13C-NMR c3 . 	c4. c5. 	C3 	C4 	C5 

' R=C8H 17  

R2=Ph 	
170.6 97.4 154.91 	174.8 98.9 154.01 

R1=C8H17 174.6 98.9 154.3 	174.6 98.9 154.3 
R2=C8H 17  

1 .uncertain assignment 

Table 11. Selected NMR data for adduct (99) 

H17C8 N 	C4H9  

I 
H4aç %..( 

Hs

?-C4H9  

H4b N-o 
1 H-NMR 

H5 	H4a  
4.46 (m) 3.41 (dd) 3.03 (dd) 

M7.1, 10.5 J=17.1,8.4 

13CNMR 
C3. 	C4. 	C5, 	C3 	C4  C5  

1169.9 113.8 154.4 	150.3 39.9 81.21 
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HON 

)TL R1 

NCS, Pyridine (cat.), cHCI3 

R 2CH=CH2 

CHC13  

R2 1"• 	
+ 
	R2 	

R1 

(a) 
	

(b) 

(only one enantiomer is shown for each of the products) 

Yield (%) 

(66) R'=Ph, W--Ph 461 

(100) R'=Ph, R2=C8H17  53 
 R'=C8H 17  R2=Ph 35 
 R'=C81-117, R2 

=C8 1-1 17 58 

1. 59% based on recovered starting material 

scheme 76 

Both of the diastereomeric adducts (lOOa & lOOb) were isolated as 

white solids (m.p.78-79.5 and 69-70°C, respectively), which showed a 

tendency to form gels with the recrystallisation solvents. Their 'H and 

13CNMR spectra are virtually identical, making accurate determination of 

the isomer ratio by NMR difficult. 

It is worthy of note that in the cycloaddition reaction of 5-octyl-2-

isoxazoline-3-carbonitrile oxide with styrene a small amount of impure 3-

formyl-5-octyl-2-isoxazoline (79d), probably contaminated with some 
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HONC)_.. 	

Ph 

(80c) 

NCS, Pyridine (cat.), CHCI3 
C8H17CH=CH2 

3)Et3N,CHC 

	

H17C81'.•• 

 0--  ~\r 
Ph 

+ H17C8  . 	 Ph 

(1 00a) 
	

(1 00b) 

NCS, Pyridine (cat.), CHCI3  
PhCH=CH2 
Et3N, CHCI3 

HON 

(80d) 

(only one enantiomer is shown for each of the products) 

scheme 77 

styrene, was also isolated (Ca. 28%). This may have been due to some 

hydrolysis of the oxime or the hydroximoyl chloride brought about by a 

trace of water in the reaction mixture. This, in part, explains the low yield 

from the reaction. 

The two symmetrical cycloadducts 5-phenyl-3-(5-phenyl-2-isoxazolin-3-

yI)-2-isoxazoline (66) and 5-octyl-3-(5-octyl-2-isoxazolin-3-yl)-2-

isoxazoline (101) were prepared in moderate yields, 46% (59% based 

on recovered oxime) and 58%, respectively. The bis-heterocycle (66) 



has previously been reported in the literature. 129 130 The approach of 

Grundmann 129  involved the reaction of styrene with oxalodinitrile oxide 

(59) (sect. 2.3.1.1). In contrast, the method employed by Finzi 130  made 

use of the hydroximoyl chloride (102) derived from oxime (80c) (sect. 

2.3.1.2) as a source of the nitrile oxide (68) (scheme 78). In both reports 

a pair of diastereomeric bi-isoxazolines were isolated, however, neither 

of these groups established the stereochemistry of the isomeric products. 

O —N'EC —CN -O 

(59) 

V. 
Phus' 

 0--~ 
Ph 

(66a)  

Ph— 

Ref. 129 

	

Ph 	 Ph 

Ph-00;' 

	

h— 	
(66b) 

Ref. 130 

Cl 
-- 0 N 	 HONC 

N%_j 	N 
Ph] 

'0 	Ph 

[ 

 

(68) 

(only one enantiomer is shown for each of the products) 

scheme 78 

After partial separation of the diastereomers (66a) and (66b) by flash 

column chromatography a suitable crystal for X-ray structure (Fig. 43) 

(102) 

was obtained for the first eluted and higher melting isomer (m.p. 169- 
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172°C, lit., 129  174-1750C). This proved to be the RS/SR-meso-adduct 

(66a), thus the slower eluting lower melting isomer (66b) (m.p. 98-99°C, 

ljt.,129 96-97°C) has the RR/SS-configuration. 

By analogy with this result the stereochemistry of the racemic 

diastereomeric pair of adducts formed in the cycloaddition reaction of 5-

octyl-2-isoxazoline-3-carbonitrile oxide with dec-i -ene can be tentatively 

assigned; the first eluted higher melting isomer (m.p. 124-125°C) is 

assigned as the RS/SR-meso-adduct ( 110 1 a), while the slower eluting 

isomer (m.p. 113-114°C) is the SS/RR-bis-heterocycle (101 b). The ratio 

of non-symmetrical bi-isoxazoline adducts (lOOa & b), which were 

separated completely by column chromatography, was approximately 

1:1. This is consistent with previous literature reports 74-76  for the addition 

of chiral nitrile oxides with achiral olefins; in all cases there is poor it- 

facial stereoinduction. Furthermore in those examples reported, the 

asymmetric carbon is located immediately adjacent to the nitrile oxide 

moiety, while in the present examples it is three carbons removed. Its 

influence on selectivity is therefore expected to be even less. 

2.3.4. Observations from the X-Ray Structure of RS/SR-

meso5 -phe nvl-3-(5 -phe nyl- 2-Isoxa zolin-3-yfl- 2-lsoxaz oiEne 

(66a). 

The X-ray crystal structure of (66a) shows that the two isoxazoline rings 

are almost coplanar. The ring nitrogens adopt a "transoid" arrangement 

with respect to each other; presumably this allows the molecule to profit 

from conjugative overlap between the C=N it-systems while avoiding 

steric interactions between the H 4  and H4  protons which would occur if a 

"cisoid" conformation was adopted. The phenyl rings are rotated to an 

angle of approximately 550  with respect to the heterocyclic rings. 



Ph ..1_( 	

.1 siPh 

N-o 

66a 

138 

Fig 43 
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2.3.5. Conclusions. 

A range of isoxazole- and 2-isoxazoline-3-aldoximes were successfully 

prepared in good yield from readily available olefins and 

ethoxycarbonylformonitrile oxide. Four methods were investigated for the 

conversion of these aldoximes to nitrile oxides, which were subsequently 

trapped with a range of alkenes and alkynes. 

The first procedure to be investigated, involving treatment of the oxime 

with chlorine gas followed by isolation and further reaction with 

triethylamine and a dipolarophile, was singularly unsuccessful and 

suffers from the added disadvantage of requiring the use of chlorine gas. 

The use of chloramine-T for in situ generation of the nitrile oxides did 

furnish the desired products in the few cases examined; however, yields 

were found to be poor. 

The final two procedures proved to be most successful. Generation of the 

nitrile oxides in a two phase system with aqueous sodium hypochlorite 

furnished the bis-heterocyclic adducts in reasonable yields. One of the 

attractive features of this protocol is that commercial bleach can be used 

and the work up is very straight-forward; it requires only separation of the 

aqueous phase, drying and removal of the solvent (CH 2Cl2) which affords 

a solid from which the product can often be obtained by recrystallisation. 

The use of NCS for the formation of the hydroximoyl chloride followed by 

dehydrochlorination with triethylamine in the presence of the 

dipolarophile also furnished most of the cycloadducts in reasonable to 

good yields. This procedure has the advantage of higher yields 

compared with the hypochlonte methodology; however, this is offset by 

the more straight-forward experimental procedure for the two phase 

system and the shorter reaction times required. Thus there is little to 

choose between the latter two procedures, but the ability to use 

commercial bleach in the two phase system does perhaps give it a slight 
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advantage. 

At the time of writing none of these compounds had been tested as 

potential oil additives. 
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3. Experimental. 

3.1. General Experimental Conditions. 

3.1.1. Instrumentation. 

Elemental analyses were performed by Mrs E. McDougall using a Carlo 

Erba elemental analyser model 1106, Butterworths Laboratories, 

Teddington Middlesex, or Medac Ltd, Brunel University, Uxbridge, 

Middlesex. 

Infra-red spectra were recorded as films or Nujol mulls on a Perkin Elmer 

781 spectrometer. 

Nominal mass E.I. mass spectra were recorded on a Kratos MS902 

instrument by Miss E. Stevenson. FAB mass spectra (nominal and 

accurate mass) and accurate mass E.I. spectra were recorded by Mr A. 

Taylor on a Kratos MS50TC instrument. 

Melting points were measured on a Gallenkamp capillary tube apparatus 

and are uncorrected. 

1 HNMR spectra were recorded on Bruker WP80Y, WP200Y, AC300E and 

WH360 instruments by Mrs H.Grant, Mr J.R.A Millar and Dr D. Reed. 

Chiral shift experiments were carried out on the WH360. 

13 NMR were recorded on the WP200Y, AC300E and WH360 

instruments. 

Chemical shifts (3) in all spectra are measured in parts per million using 

tetramethylsi lane (3=0.0) as the referance signal. 

Optical rotations were measured on a Perkin Elmer 141 polarimeter using 

2 ml of filtered solution. 

X-ray diffraction analyses were carried out on a Stoe STADI-4 four circle 

diffractometer by Dr A. Blake and Dr R. 0. Gould. 
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3.1.2. Chromatography. 

High pressure liquid chromatography was carried out on a Cecil 

Instruments CE 212 variable wavelength U.V. monitor at 254 nm and an 

Altex model 110A pump. 

Preparative thin layer chromatography was carried out on glass plates 

(20 x 20 cm) coated with a layer of Kieselgel GF254  (0.5 mm) which 

contains 13% calcium sulphate and a fluorescent indicator. 

Analytical thin layer chromatography was carried out on Merck aluminium 

backed plates coated with Kieselgel GF 2  (0.2 mm). 

Dry flash chromatography was carried out with a variety of sintered 

funnels filled with Kieselgel GF 254  and eluted under water pump vacuum. 

Flash column chromatography was carried out with Kieselgel 60 (230-

400 mesh) and eluted under nitrogen at 2-5 psi. 

3.1.3. Solvents and Reagents. 

All reagents and solvents were standard laboratory grade and were used 

as supplied unless otherwise stated. 

Dry benzene was Analar grade dried over sodium wire. 

Dry acetone was Analar grade solvent stored over 4A molecular sieve. 

Pyridine was dried by distillation from and stored over potassium 

hydroxide. 

Dry dichloromethane was freshly distilled from calcium hydride. 

Dry THF and ether were freshly distilled from sodium and benzophenone. 

Dry methanol was HPLC grade solvent. 

Dry ethanol was obtained by distillation from magnesium ethoxide. 

Dry chloroform was obtained by distillation from phosphorus pentoxide. 

Dry DMSO was obtained by distillation under water pump vacuum from 

calcium hydride. 

Solvents for HPLC analysis were of the appropriate grade and were 
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degased before use. 

3.2. Compounds for General Use, 

3.2.1. Ethyl chloro-oximidoacetate 

The title compound was prepared according to the procedure of 

Skinner135  with some minor modifications. 

To a well stirred solution of glycine ethyl ester hydrochloride (30 g, 0.21 

mmol) in water (90 ml) cooled with an ice/salt bath to Ca. -5°C was added 

concentrated hydrochloric acid (36% w/w, 21.3 g, 0.21 mmol) followed by 

dropwise addition of a solution of sodium nitrite (14.5 g, 0.21 mmol) in 

water (25 ml). The additions of hydrochloric acid and sodium nitrite were 

repeated with the same quantities. After stirring for one hour the insoluble 

yellow oil which had formed was extracted into ether (2 x 80 ml); the 

combined extract was dried over MgSO 4  and the solvent removed in 

vacuo, furnishing a yellow oil which was dissolved in hexane with the 

minimum of ether added and stored in the freezer overnight. The resulting 

off-white solid was filtered and recrystallised from ether/hexane to afford a 

white crystalline solid (14.3 g, 44%) m.p. 79-82°C (lit., 135  800C). 

3.2.2. Benzohydroximoyl chloride. 

The title compound was prepared by the method of Chiang 145  with some 

modifications. 

Chlorine gas was bubbled through a solution of benzaldoxime (20.6 g, 

0.17 mmol) in chloroform (500 ml) which was maintained at ca. -5°C 

(ice/salt bath) until the solution assumed a yellow colour (having gone 

first from blue to green). Nitrogen gas was bubbled through the solution 

for one hour to displace excess chlorine before removing the solvent 

under reduced pressure. The residual oil was solidified in the freezer 
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overnight, then recrystallised from pentane to afford a white crystalline 

solid (22.4 g, 85%) m.p. 47-51°C (lit., 145  50-51°C). 

3.2.3. Dibromoformaldoxime. 

The title oxime was prepared by a literature procedure. 99  

To a stirred solution of glyoxylic acid hydrate (10 g, 135 mmcl) in water at 

room temperature was added hydroxylamine hydrochloride (9.25 g, 137 

mmol). After stirring for 24 hours sodium hydrogen carbonate (23.5 g, 280 

mmol) was carefully added followed by dichloromethane (100 ml); the 

resulting two phase system was cooled to approximately 6°C and, with 

vigorous stirring, bromine (29.9 g, 9.64 ml, 187 mmol) in dichloromethane 

(50 ml) added at such a rate that the temperature did not exceed 10°C. 

Stirring was continued for three hours before separating the organic 

phase and extracting the aqueous portion with dichloromethane (3 x 50 

ml). The combined organic extract was dried over MgSO 4  and the solvent 

removed in vacuo. The residue was recrystallised from n-hexane to yield 

a white crystalline solid (4.8 g, 18%) m.p. 67-69°C (lit., 99  65-660C). 

3.3. Synthesis and Cycloaddition Reactions of (4R)-3-(N-t-

butoxycarbonyl)-2.2-di methyl-4-vinyloxazolidine (12) and 

(2m-2-(N-t-butoxycarbonylamlno)but-3-en-1-oI (13). 

3.3.1. N-Boc-(S)-serine methyl ester (16). 

To a stirred solution of (S)-senne methyl ester hydrochloride (10.0 g, 64 

mmcl) in dry pyridine (150 ml) was added in portions over 15 minutes di-

t-butyl dicarbonate (22.9 g, 105 mmol) at room temperature. After 12 

hours the reaction mixture was concentrated in vacuo, poured into water 

and extracted with ethyl acetate (3 x 100 ml). The combined extract was 

washed with 10% aqueous potassium hydrogen sulphate (2 x 100 ml), 
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dried over MgSO4  and the solvent removed by rotary evaporation 

affording the title compound as a viscous oil (13.8 g, 98%) vmu.  3540 (0 

H), 1740, 1710 cm -1  (C=O); 6H(80  MHz; CDCI 3) 5.52-5.42 (1H, br.d, NH), 

4.40-4.21 (1H, br.m, H 2), 3.78 (2H, br.d, H 3), 3.0-2.25 (1H, br.s, OH), 1.40 

(9H, s, t-Bu); 6(50 MHz; CDCI 3) 171.3 (C=O, ester)'  155.6 (CO3 Boc)'  80.2 

(OCMe3), 63.2, 55.6 (02 , C3), 52.4 (CH 30),  28.1 (00 Me3); m/z (FAB ms) 

220 [(M+H)+]. 

3.3.2. 	(4S)-3-(N-t-butoxycarbonyl)-2.2-di met hyl-4-methoxycarbonyl- 

oxazolidine (17). 

The title compound was prepared according to the procedure of Garner 

and Park. 101  

A solution of N-Boc-(S)-serine methyl ester (16) (13.8 g, 63 mmol), 2,2-

dimethoxypropane (13.52 g, 130 mmol) and p-toluenesulphonic acid 

(0.17 g, 0.88 mmol) in benzene (220 ml) was refluxed for 30 minutes and 

then slowly distilled until a volume of 190 ml had been collected. To the 

residue in the reaction flask was added 2,2-dimethoxypropane (5.5 g, 53 

mmol) and benzene (90 ml) and the process repeated, this time collecting 

77 ml of distillate. The cooled residue was partitioned between saturated 

sodium hydrogen carbonate solution (60 ml) and ether (200 ml); the 

organic portion was washed with saturated sodium hydrogen carbonate 

(160 ml), brine (100 ml), dried over MgSO 4  and the solvent removed in 

vacuo. The residual amber oil was distilled b.p. 69-74°C/0.1 mmHg (lit., 101  

101-1 020C/2 mmHg) affording a clear oil (12.7 g, 78%); [a]D  (20°C) -56.30  

(c 2.0 in CHCI3) (lit.,0 [aID -46.70  (C 1.3 in CHCI 3)); Vm (neat) 1760, 

1710 cm -1  (C=0); 8H  (200 MHz; CDCI 3, 25°C) (all of the peaks are 

doubled due to flipping of the oxazolidine ring, this is consistent with 
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previous observations 101 ) 4.39 and 4.28 (1H, 2dd, J2.8, 3.2, 6.5, 6.9 Hz, 

H4), 4.09-3.88 (2H, m, H5 a  and H50, 3.652 and 3.64 (3H, 2s, MeO), 1.56, 

1.53, 1.42, 1.39, 1.31 (15H, 5s, OC(CH3)2N, t-Bu); 8H  (200 MHz; CA, 

75°C) 4.28 (1H, br.s, H 4), 3.81 (2H, br.s, H5a  and H50,  3.41 (3H, br.s, 

MeO), 1.71 (3H, br.s, CH 3), 1.48 (3H, br.s, CH 3), 1.38 (9H, br.s, f-Bu); 8 

(50 MHz; CDCI3, 25°C) 171.3, 170.9 (C=O, ester)'  151.7, 150.9 (CO3 Boc)' 

94.7, 94.0 (C2), 80.5, 79.9 (OCMe3), 65.9, 65.7 (CO'  58.9 (C4), 52.0 

(MeO), 27.9 (OCMe3), 25.7, 24.8, 24.6, 24.0 (OC(CH30); 8c  (50 MHz; 

C6 1D 6, 80°C) 171.3 (CO 3 ester)'  151.6 (C=O, Boc)'  95.2 (C 2), 80.0 (OCMe3), 

66.4 (C5), 59.9 (C4), 51.5 (MeO), 28.4 (OCMe3), 25.6, 25.1 (OC(CH30); 

m/z (FAB ms) 260 [(M+H)]. 

3.3.3. (4S)-3-(N-t-butoxycarbonyl)-2 .2-di methyl-4-formyloxazolidine (18) 

The title aldehyde was prepared by the procedure of Garner and Park. 101  

To a stirred solution of the oxazolidine ester (17) (12.73 g, 49 mmol) in 

dry toluene (110 ml), at -78°C under a nitrogen atmosphere, was added 

dropwise, a solution of DIBAL (1M in hexanes, 122.5 ml, 122 mmol) at 

such a rate that the temperature did not exceed -68°C. Stirring was 

continued for 3 hours before quenching with methanol (9 ml), keeping the 

internal temperature below -65°C. The reaction was allowed to warm to 

room temperature, poured into ice-cold 1 molar HCI (500 ml), and 

extracted with ethyl acetate (3 x 300 ml); the combined organic extract 

was washed with brine (2 x 250 ml), dried over MgSO 4  and the solvent 

removed in vacuo affording 11.59 of a yellowish oil. Kugelrohr distillation, 

(1200C/0.1 mmHg) gave a colourless oil (9.9 g, 88%), (Found: (M+H)+ 

230.13922. Calc. for C 11  H20N04  (M+H), 230.13922); [a]D  (20°C) -75.80  (c 

1.05 in CHCI 3) (lit-101  [a]0 -91.70  (c 1.34 in CHCI3)). 1 H-NMR showed that 
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the aldehyde was not pure, however, it was used in subsequent reactions 

without further purification. 

3.3.4. (4R)-3-(N-t-butoxycarbonyl)-2.2-dimethyl-4-vinyloxazolidine (12) .  

To a suspension of methyltriphenylphosphonium iodide (10.58 g, 26.2 

mmol) in dry THF (50 ml) under a nitrogen atmosphere, was added a 

solution of potassium-f-butoxide (2.94 g, 26.2 mmol) in dry THF (25 ml). 

The yellow suspension which formed was stirred at room temperature for 

2 hours before adding a solution of aldehyde (18) (3.0 g, 13.1 mmol) in 

dry THF (40 ml) over 5 minutes. The reaction mixture was stirred 

overnight, then heated to reflux for 30 minutes, cooled to room 

temperature and quenched with water (50 ml). Most of the THE was 

removed by rotary evaporation and the residue extracted with ethyl 

acetate (3 x 50 ml); the combined organic extract was washed with brine 

(100 ml), dried over MgSO4  and the solvent removed in vacuo yielding an 

oil which was subjected to flash column chromatography (EtOAc/hexane, 

4:96) affording alkene (1 2) as a clear oil (1.96 g, 66%). A sample was 

Kugelrohr distilled (800CI0.1 mmHg) for optical rotation [a]0 (20°C) 

+14.980  (c 2.5 in CHCI3), (lit .,  102 [a]0 (28°C) +150  (C 2.5 in CHCI 3); Vm 

(neat) 1700 cm -1  (C=O); 6H(200 MHz; C 6D6, 80°C) 5.74 (1H, ddd, J 17.2, 

10.1, 6.9 Hz, H2C=CH-), 5.12-5.05 (1H, m, H2C=CH-), 5.0-4.94 (1H, m, 

H2C=CH-), 4.25-4.10 (1H, m, H 4), 3.72 (1H, dd, JK5aH5b 8.7 Hz, J6.3 

Hz, H5a), 3.50 (1 H, dd, JH5bH5a  8.7 Hz, JH5bH4  2.5 Hz, H5b), 1.70 (3H, s, 

CH3), 1.57 (3H, s, CH3), 1.45 (9H, s, t-Bu); &c  (50 MHz; CA, 790C)1 

138.5 (H 2C=CH), 115.2 (H2C=CH-), 94.3 (C2), 79.4 (Me 3CO), 68.4 (C5), 

60.0 (C4), 28.6 (Me3CO), 27.1 (CH3), 24.6 (CH 3); m/z (FAB ms) 228 

[(M+H)+]. 
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1. The carbonyl carbon of the Boc group is not seen in the 13C spectrum at elevated 

temperature. At room temperature it occurs at 151.9 ppm. 

3.3.5. (2F-2-(N-t-butoxycarbonylamino)but-3-en-1 -ci (13). 

A solution of (4R)-3-(N-f-butoxycarbonyl)-2 ,2-di methyl-4-vi nyloxazolidi n  

(12) (300 mg, 1.32 mmol) and p-toluenesulphonic acid (38 mg, 0.2 

mmol) in methanol (10 ml) was stirred at room temperature for 36 hours, 

at which time tic (EtOAc/hexane, 1:1, viewing neutral KMn0 4) indicated 

complete consumption of the starting material. The solution was 

concentrated under reduced pressure, dissolved in ethyl acetate and 

washed with 10% aqueous sodium carbonate solution (2 x 20 ml), water 

(2 x 20 ml), dried over MgSO 4  and the solvent removed in vacuo. Flash 

column chromatography of the residue (EtOAc/hexane, 7:3 then 1:1) 

furnished a clear oil which solidified on standing (187 mg, 76%) m.p. 32- 

37°C (lit .,  146 36-370C); [cx]D  (20°C) +26.3 0  (c 1.48 in CHCI3), (lit- ,  102  [a]D 

(26°C) +290  (C 2.1 in CHCI 3)); Vm  (neat) 3400 (0-H/N-H), 1690 (C=0), 

1650 cm-1  (C=C); 8H  (200 MHz; COd 3, 650C) 5.81 (1 H, ddd, JHM2  5.4 Hz, 

H3H4b(cis) 10.4 Hz, 	1­14a(trans) 17.3 Hz, 1­1 3), 5.24 (1H, ddd, JH4aH4b  1.2 Hz, 

1.6 Hz, JH4aH3  17.3 Hz, H), 5.19 (1 H, dt, JH 4bH4a  1.2 Hz, JH4bH2 1.5 

Hz, JH4bM  10.4 Hz, 1­14b),  4.26-4.08 (1H, m, 1­1 2), 3.68-3.6 (2H, br.m, Hi a , 

Hib), 1.44 (9H, s, t-Bu); ö (50 MHz; CDCI3, 25°C) 155.9 (C=0), 135.5 

(C3), 116.0 (C4), 79.5 (Me 3CO), 64.7 (Cl ), 54.5 (C 2), 28.2 (Me34,'O); m/z 

(FAB ms) 188 [(M4H)]. 

di methyl-4-vi nyloxazolidi ne (112). 



149 

(5 R . 4'S) - 	and 	(5 S. 4'S)  - 3-12heny5-(3'-(N-t-buto4)=rbonv0-2' .2'- 

dimethvI-oxazoIidin-4'-vI-2-isoxazoIine (1 9a) and (1 9b). 

To a stirred solution of benzohydroximoyl chloride (0.76 g, 4.9 mmol) and 

vinyl-oxazolidine (12) (1.0g, 4.4 mmol) in ether (30 ml) at room 

temperature was added over Ca. 25 hours a solution of triethylamine (0.58 

g, 5.8 mmol) in ether (30 ml). When the addition was complete, stirring 

was continued for 1 hour before filtering the reaction mixture through a 

pad of Celite and washing the filter cake through with ether (2 x 20 ml). 

The combined filtrate and washings were concentrated in vacuo and the 

residue flash column chromatographed (EtOAc/hexane, 1:19) affording a 

clear oil which solidified on standing to a white amorphous solid ( 1 H-NMR 

of the product showed it to be a 66:34 mixture of the title compounds) 

(1.29 g, 85%), (Found: (M+H) 347.19705. C 19H27N204  requires ( M+H), 

347.19709.) Vm (neat) 1685 (C=0), 1595 cm -1  (C=N); 5H  (200 MHz; 

CDCI3, 59°C) 7.63 (2H, br.s, ArH), 7.37-7.36 (3H, br.d, ArH) 5.2-5.0 and 

4.87-4.67 (1H, 2br.m, H 5), 4.23-3.88 (3H, br.m, H 4 , H5a', H50 3.61-3.43 

(1H, br.m, H4a) 3.36-3.17 (1H, br.m, H40,  1.63, 1.59, 1.52, 1.48, and 1.44 

(15H, 5s, OC(CH3)2N- and t-Bu); 8C  (90 MHz; CDCI3) 156.9, 156.8 (0=0 

and C3), 129.9, 128.5, 126.6 (PhCH), 129.6 (PhC), 94.2 (C 2.), 81.0, 80.5 

(C5), 80.4, 80.1 (Me 3CO), 65.1, 63.8 (C5.), 59.3, 57.9 (Ce), 37.5, 35.8 (C4), 

28.3, 28.2 (Me3CO-), 27.3, 26.8 (OC(CH3)2N-); m/z (FAB ms) 347 [(M+H)+]. 

______ TIaI.X4'L*1I.I'],Vik.]liiI.Ii1I1I1[Z.X(f! 

iiiIr.iiwi(1 'Im  
i.t.l 

(20b). 

To a stirred solution of ethyl chloro-oximidoacetate (1.33 g, 8.8 mmol) and 

the vinyl-oxazolidine (12) (1.0 g, 4.4 mmol) in ether (25 ml) at room 
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temperature was added dropwise over ca. 24 hours a solution of 

triethylamine (1.07 g, 10.5 mmol) in ether (25 ml). When the addition was 

complete stirring was continued for 1 hour before filtering the reaction 

mixture through a pad of Celite and washing the filter cake with ether (2 x 

20 ml). Concentration of the combined filtrate and washings in vacuo 

followed by flash column chromatography of the residue (Et 20/hexane, 

3:17 then 1:4) furnished the title compounds as a clear viscous oil which 

solidified on standing (68:32 mixture by 1 H-NMR) (1.34 g, 89%) (Found: 

C, 56.34; H, 7.37; N, 7.99. C 16H26N206  requires C, 56.1; H, 7.65; N, 8.2%); 

Vm (neat) 1710 (br) (C=O), 1590 cm -1  (C=N); 8H  (200 MHz; CDCI3 , 

53°C) 5.30-5.07 and 4.92-4.80 (1H, 2m, H 5), 4.33 (2H, q, J 7.1 Hz, 

OCH2CH3), 4.05-3.86 (3H, m, H 4., H5a', H50, 3.48-3.08 (2H, m, H4 a , H40, 

1.59, 1.56, 1.51, 1.49 (6H, 4s, OC(CH3)2N-), 1.48 (9H, s, t-Bu), 1.35 (3H, t, 

J 7.1 Hz, OCH2CH3); 3 (50 MHz, CDCI 3 , 58°C) 160.4 (C=O),1 52.0 (C3 ), 

94.4 (CZ),  83.2, 82.5 (CO,  80.8 (Me3CO), 65.0, 63.6 (CO,  61.8 

(OCH2CH3), 59.0, 57.5 (04.), 36.1, 34.7 (0 4), 28.2 (Me300-), 27.3, 26.7, 

23.9, (OC(CH3)2N-), 13.9 (OCH2CH3); mlz (FAB ms) 343 [(M+H)]. 

3.3.6.3. Cycloaddition Reaction with Bromonitrile Oxide: PreDaration of 

(5R.4'S)- and (5 S. 4'S ) -  3-bromo-5-(3-(N-t-butoxvcarbonv!)-2'.2'-

dimethv!oxazo!idin-4'-vI)-2-isoxazoline (21a) and (21b). 

To a stirred solution of dibromoformaldoxime (1.78 g, 8.8 mmol) and the 

vinyl-oxazolidine (1 2) (1.0 g, 4.4 mmol) in ether (30 ml) was added over 

Ca. 24 hours a solution of tnethylamine (1.07 g, 10.56 mmol) in ether (25 

ml). Stirring was continued for 1 hour after the addition was complete; the 

reaction mixture was then filtered through a pad of Celite and the filter 

cake washed with ether (2 x 20 ml). Concentration of the filtrate and 
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washings in vacuo followed by flash column chromatography of the 

residue furnished a mixture of the title adducts as a white amorphous 

solid (65:35 mixture by 1 H-NMR) (1.34 g, 87%) (Found: (M+H)+ 

349.07632. C 13HN204  requires (M+H), 349.07634) V max (neat) 1690 

(C=O), 1580 cm -1  (C=N); 8H  (200 MHz; CDC1 3 , 50°C) 5.15-4.95 (0.35H, 

br.m, H5), 4.69-4.56 (0.65H, m, H 5), 4.16-3.83 (3H, m, H4 a', H5a', H50, 3.48 

(0.65H, dd, JH4aH4b  17.4 Hz, JH4aH5  7.5 HZ, H40, 3.37 (0.35H, dd, JH4aH4b 

17.6 Hz, 	8.8 Hz, 1-14a),  3.22-3.03 (1H, m, H40,  1.55, 1.52, 1.49 

(OC(CH3)2N-), 1.46 (9H, s, t-Bu); 8c(5°  MHz; CDCI 3, 50°C) 153.0 (C=O), 

137.6, 137.3 (C 3), 94.2 (C2.), 81.6, 80.7 (CO,  80.8 (OCMe3), 64.9, 63.6 

(CO' 58.9, 57.4 (C 4.), 44.0, 42.5 (C 4), 28.2 (Me3CO-), 27.4, 26.7, 23.8, 

23.1 (OC(CH3)2N-); m/z (FAB ms) 349 & 351 [(M+H)+]. 

3.3.7. Cycloaddition Reactions of (2R-2-(N-t-butoxycarbonylami no)but-3-

en-1-ol (13). 

3.3.7.1. Cycloaddition Reaction with Benzonitriie oxide: Preparation of 

(5 R .2'S)- and (5S .2'S)-2 '-(N-t-butoxvcarbonvlamino)-2'-(3-phenvl-2-

isoxazolin-5-yflethanol(22a) and (221b). 

To a stirred solution of olefin (13) (0.1 g, 0.53 mmol) and 

benzohydroximoyl chloride (0.082 g, 0.53 mmoi) in dichioromethane (5 

ml) at room temperature was added a solution of triethylamine (0.061 g, 

0.61 mmol) in dichloromethane (5 ml) over ca 16 hours. After stirring for a 

further 1 hour the reaction mixture was washed with water (2 x 20 ml), 

dried over MgSO4  and the solvent removed in vacuo. Preparative tic 

(EtOAc/hexane, 2:3) on 90% of the reaction mixture afforded two products 

(ratio, 40:60) which were in order of elution: (22a) which was isolated as 

a clear oil (0.041 g, 28%) [a]D  (20°C) -100.6 0  (C 0.8 in CHCI3); 8H  (200 
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MHz; CDCI3, 59°C) 7.69-7.60 (2H, m, ArH), 7.42-7.34 (3H, m, ArH), 5.17 

(1H, br.d, NH), 4.82 (1H, dt, JH2'  6.9H, JH5H4a  8.9 Hz, JH5H4b  8.9Hz, H5 ), 

3.99-3.66 (3H, m, H2., Hi a', Hib'), 3.39 (2H, d, JH4aI1-4bH5  8.9 Hz, H4a , H40, 

2.4 (1H, br.s, OH), 1.44 (91-1, 5, t-Bu); 8C  (50 MHz; CDCI 3) 157.1, 155.9 (03 , 

C=O), 130.1,128.6, 126.7 (PhCH), 129.1 (PhC), 80.4 (C 5), 79.9 (Me3 CO), 

61.5 (C 1 ), 54.5 (02 '), 37.8 (04), 28.2 (Me3CO); m/z (FAB ms) 307 [(M+H)+]. 

(22b) was isolated as a glassy solid (0.063 g, 43%) m.p. 115-117°C, [cx]D 

(20°C) +110.20  (c 1.3 in CHCI 3); 8H  (200 MHz; CDCI3, 58°C) 7.66-7.6 (2H, 

m, ArH), 7.41-7.33 (3H, m, ArH), 4.97 (2H, ddd, JH5HZ  2.3 Hz JH5H4b  8.7 

Hz, JH5H4a  10.3 Hz, H5  and NH), 3.93-3.75 (3H, m, H 2 , Hi a', Hib'), 3.42 

(1H, dd, JH4aH4b  16.9 Hz, "H4aH5  10.3 Hz, H4a),  3.31 (1H, dd, H4bH4a  16.9 

Hz, JH4bH5  8.7 Hz, H40, 2.55 (1 H, br.s, OH), 1.33 (9H, s, t-Bu); & (50 MHz; 

CDCI3) 157.4,156.5 (C3 ,  C=O), 130.1, 128.6, 126.6 (PhCH), 129.0 (PhC), 

80.5 (C5), 79.8 (Me3CO-), 63.2 (Ci')  54.4 (C2.), 37.6 (04), 28.0 (Me300-). 

3.3.7.2. Cycloaddition Reaction with Ethoxycarbonylformonitrile oxide: 

Preparation of (5R .2'S)- and (5S .2'S)-2'N-t-butoxycarbonvlamino-2'-(3-

ethoxvcarbonvl-2-isoxazoliri-5-yh ethanol (23a) and (23b. 

To a stirred solution of the olefin (1 3) (0.1 g, 0.44 mmol) and ethyl chloro-

oximidoacetate (0.08 g, 0.53 mmol) in dichloromethane (5 ml), at room 

temperature, was added over ca 16 hours a solution of triethylamine 

(0.062 g, 0.61 mmol) in dichlorometharie (10 ml). When the addition was 

complete, tic (EtOAc/hexane, 2:3) showed that the alkene had not been 

completely consumed. A further portion of ethyl chioro-oximidoacetate 

(0.07 g, 0.46 mmol) was added to the reaction mixture, followed by slow 

addition (Ca 8 hours) of triethylamine (0.046 g, 0.46 mmol) in 

dichloromethane (5 ml). When the addition was complete the reaction 
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was stirred for 1 hour, then washed with water (2 x 20 ml), dried over 

M9SO4  and the solvent evaporated in vacuo . Preparative tic (EtOAc/ 

hexane, 2:3) on 90% of the crude product yielded three components. 

3,4-di-ethoxycarbonyifuroxan (50 mg) (1  H-NMR spectrum consistent with 

a previous sample). (5R ,2'S)-2'-N-t-butoxycarbonylamino-(3-

ethoxycarbonyl-2-isoxazolin-5-yI) ethanol (23a) was isolated as a clear 

oil (0.05 g, 31%); [a]D  (200c) - 104.5 0  (c 1.15 in CHCI3); vm  (neat) 3480 

(0-H), 1720 (C=0), 1595 cm -1  (C=N); 6H(200  MHz; CDCI 3) 5.23 (1H, br.d, 

NH), 4.87 (1H, dt, J' 7.6 Hz, JH5H4  9.2 Hz, H5), 4.31 (2H, q, J7.1 Hz, 

OCH2CH3), 3.89-3.65 (3H, br.m, 11 2., Hi a', H ib')' 3.23 (21-1, d, JH4H5  9.4 Hz, 

H4a, H,), 2.95-2.50 (1 H, br.s, OH), 1.41 (91-1, s, t-Bu), 1.33 (31-1, t, J 7.1 Hz, 

OCH2CH3); 8 (50 MHz; CDCI3) 160.5 (C=O), 156.0, 152.2 (C=O, C3), 

82.7 (C5), 80.4 (Me3CO), 62.2 (C 1 .), 61.5 (0CH 2CH3), 54.4 (C2.), 36.6 (C4), 

28.4 (Me3CO), 14.1 (OCH2CH3); m/z (FAB ms) 303 [(M+H)+]. 

(5 S ,2'S )-2 '-N-t-b utoxycarbonylamino- (3-eth oxycarbonyl-2 -isoxazolin- 5- 

yI)ethanol(23b) was isolated as a clear oil (0.057 g, 36%); [aID  (20°C) 

+150.30  (c 0.95 in CHCI3); Vm (neat) 3360 (0-H), 1720 (C=0), 1595 cm - 

1  (C=N); 6H  (200 MHz; CDCI3) 5.05 (1 H, ddd, JH5H2,  2.0 Hz, JH5H&  9.1 Hz, 

11.1 Hz, H5), 4.88 (1H, br.d, NH), 4.31 (2H, q, J7.1 Hz, OCH2C1-13), 

3.9-3.7 (31-1, br.m, H2., H la' ,  Hib'), 3.29 (1 H, dd, JH4aH4b  18.0 Hz, JH4" 11.2 

Hz, H), 3.12 (1H, dd, JH&H4a  18.0 Hz, JH&M 9.1 Hz, H4b), 2.70 (1H, br.s, 

OH), 1.39 (91-1, s, t-Bu), 1.33 (31-1, t, J 7.1 Hz, OCH 2CH3); 8c  (50 MHz; 

CDCI3) 160.0 (C=0), 156.2, 152.3 (C=O, C 3), 82.7 (C5), 80.1 (Me3CO), 

62.6 (CO' 61.9 (OCH2CH3), 54.2 (C2.) 36.0 (C4), 28.1 (Me,  CO), 13.9 

(OCH2CH3); m/z (FAB ms) 303 [(M+H)+]. 



154 

3.3.8. Deprotection Reactions, 

	

3.3.8.1. 	Reaction of (5R.4'S)- and (5S. 4'S)-3-phenyl-5-(3-N-t- 

butoxycarbonyl-2'.2'-di met hyloxazolidin-4-yl)-2-isoxazoline (19a) and 

(19 b) with TEA. 

A solution of the cycloadduct mixture (19a) and (19b) (0.044 g, 0.13 

mmol) in TFA/H 20 (98:2) (1 ml) was stirred at room temperature for 10 

minutes. The solvent was then evaporated in vacuo yielding a violet oil 

which was dissolved in dichloromethane (2 ml) and the solvent 

evaporated (x2). The residue was treated with saturated sodium 

carbonate solution (4 ml) and extracted with dichloromethane (3 x 10 ml). 

The combined organic extract was washed with brine (10 ml), dried over 

MgSO4  and the solvent evaporated in vacuo to give a white solid (26 mg). 

Preparative tIc (EtOAc/MeOH/conc. ammonia, 85:10:5) furnished a 

mixture of (5R ,2'S)- and (5S,2'S)-2'-amino-2'-(3-phenyl-2-isoxazolin-5- 

yI)ethanol(25a) and (25b) as a white solid (20 mg, 76%), 6H (200 MHz; 

CDCI3) 7.68-7.61 (4H, m, ArH)l, 7.43-7.35 (6H, m, ArH) 1 , 4.76-4.63 (2H, 

m, H5) 1 , 3.78-3.55 (4H, m, Hi a', H10 1,  3.503.18 (4H), (3.43 (dd, 

J16.7 Hz, JH4aH5  10.6 Hz, H4a)2 , 3.35 (d, JH4bH5  8.8 Hz, H4b)3, 3.35 

(d, JH4aH5  10.3 Hz, H4a)3,  3.24 (dd, '44ta  16.7 Hz, JH4bH5  8.4 Hz, H402), 

3.16-3.14 (1.4H, br.m, H 2.)3 , 3.0-2.9 (0.7H, br.s, H2 )2 , 1.97 (6H, br.s, OH, 

NH2) 1 ; m/z (FAB ms) 207 [(A4H)]. 

1) both isomers. 2) minor (5S, 2'S)-isomer. 3) major (5R, 2'S)-isomer. 

	

3.3.8.2. 	(5R.2'S)- and (5S.2'S)- 2'-N-t-butoxvcarbonvlamino-2'-(3- 

12henvI-2-isoxazolin-5-yI ethanol (22a) and (221b). 

To a stirred solution of the mixture of (5R, 4'S)- and (5S, 4'S)-3-phenyl-5- 

(3'-N-f-butoxycarbonyl-2',2'-di methyloxazolidi n-4-yl)-2-isoxazoli ne (1 9a) 

and (19b) (1.08 g, 3.13 mmol) in methanol (30 ml) was added p- 
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toluenesuiphonic acid (0.05 g, 0.26 mmol). This was stirred at room 

temperature for 68 hours, then concentrated in vacuo before adding water 

(30 ml) and extracting with ethyl acetate (3 x 50 ml). The combined 

organic extract was washed with 10% aqueous sodium carbonate (2 x 30 

ml), water (50 ml) and dried over MgSO 4. Evaporation of the solvent in 

vacuo, followed by flash column chromatography (EtOAc/hexane, 3:7 

then 2:3) furnished four compounds. Starting material (19a) and (19b) 

(0.135 g) identical by tic and JR. 

(5R,2' S )-2 '-N-t-butoxycarbonylamino-2'-(3 -phenyl-2-isoxazolin-5- 

yI)ethanol (22a) was isolated as a white solid (0.43 g, 45%)1,  m.p. 98- 

100°C (Found: (M+H)+, 307.16579. C16H 23N204  requires (Mi-H), 

307.16577); [a]D  (23°C) -82.20  (c 1.02 in CHC1 3); Vmax  (Nujol) 3520 (N-H), 

3350 (0-H), 1680 cm -1  (C=0); SH  (200 MHz; CDCI3) 7.68-7.59 (2H, m, 

ArH), 7.43-7.34 (3H, m, ArH), 5.25 (1H, br.d, J8.6 Hz, NH), 4.83 (1H, dt, 

8.9 Hz, JH5H2,  7.2 Hz, H5), 4.05-3.65 (3H, br.m, H 2., Hi a', Hib'), 3.39 

(2H, d, 	9.2 Hz, H4a  & 	2.68 (1 H, br.s, OH), 1.43 (9H, s, t-Bu); öc 

(50 MHz; CDCI3) 157.1, 155.9 (C=O, C3), 130.1, 128.6, 126.7 (PhCH), 

129.1 (PhC), 80.5 (C 5), 80.0 (OCMe3), 61.5 (CO,  54.5 (C2.), 37.8 (C4), 

28.2 (OCMe3); m/z (FAB ms) 307 [(M+H)+]. 

(5S ,2' S)-2 '-N-t-butoxycarbonylamino-2'-(3-pheny!-2-isoxazolin-5- 

yI)ethanol(22b)was isolated as a glassy solid (0.242 g, 25%)2,  m.p. 111- 

112.5°C (Found: (M+H)+, 307.16578. C 16H23N204  requires (M+H), 

307.16577); [aID  (23°C) +1040  (c 1.03 in CHCI3); Vm  (Nujol) 3380 (0-H, 

N-H), 1690 cm -1  (C=0); 6H  (200 MHz; CDCI 3) 7.68-7.61 (2H, m, ArH), 

7.43-7.35 (3H, m, ArH), 4.99 (2H, NH and ddd, JH5Fma  10.5 Hz, JH5H4b 8.6 

Hz, J' 2.0 Hz, H 5), 4.0-3.6 (3H, m, H2., Hi a', H 1  0, 3.44 (1H, dd, 

16.9 Hz, 	10.4 Hz, H4a), 3.32 (1 H, dd, JH&ma  16.9 Hz, 	8.7 Hz, 
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H4b), 2.50 (1H, br.s, OH), 1.32 (9H, s, t-Bu); S c (50 MHz; CDCI3) 157.4, 

156.5 (C=O, C3), 130.2, 128.6, 126.6 (PhCH), 128.9 (PhC), 80.6 (C 5), 79.9 

(OCMe3), 63.3 (C 1 ), 54.4 (C2), 37.6 (C4), 28.0 (OCMe3); m/z (FAB ms) 307 

[(M+H)+]. 

51% based on recovered starting material. 

29% based on recovered starting material. 

3.3.8.3. (5R.2'S- and (5S .2'S)-2'-N-t-butoxvcarbonylamino-2'-(3- ethoxv-

carbonvl-2-isoxazolin-5-vI ethanol (23a) and (23b). 

To a solution of the mixture of (5R,4'S)- and (5S,4'S)-3-ethoxycarbonyl-5-

(3'-N-t-butoxycarbonyl-2' ,2'-di methyloxazolidi n-4-yl)-2-isoxazoli ne (20a) 

and (201b) (1.02 g, 2.98 mmol) in methanol (30 ml) was added p. 

toluenesuiphonic acid (0.06g, 0.31 mmol). This was stirred at room 

temperature for 64 hours then concentrated in vacuo. The residue was 

diluted with water (30 ml) and extracted with ethyl acetate (3 x 30 ml). The 

combined organic extract was washed with 10% aqueous sodium 

carbonate (2 x 30 ml), brine (50 ml) then dried over MgSO 4  and the 

solvent evaporated in vacuo. The residue was subjected to flash column 

chromatography (EtOAc/hexane, 3:7) (three columns were required to 

achieve complete separation of the diastereomeric alcohols) which 

yielded four compounds. Starting material (20a) and (20b) (0.21 g), IR 

identical to starting material, m/z (FAB ms) 343 [(M+H)+]. 

(5 R,2 'S )-2'- N-t-butoxycarbo nylamino-2 '-(3-e thoxyca rbonyl-2 -isoxazo un- 

5-yl)ethanol (23a) was isolated as a clear oil (0.403 g, 45 mmol) 1 , 

(Found: (M+H), 303.15557. C 13 H23N206 requires (M+H), 303.15560); 

[all) (21°C) -114 0  (c 0.45 in CHCI3); Vm (neat) 3380 (0-H), 1720 (br) 

(0=0 ester & Boc), 1595 cm -1  (C=N); 6H  (200 MHz; COO1 3) 5.15 (1H, br.d, 

NH), 5.09-4.83 (1H, m, H5), 4.3 (2H, q, J 7.1 Hz, OCH2CH3), 3.94-3.69 
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(3H, br.m, H 2., Hi a', Hib'), 3.26 (2H, d, JFWj5 9.2 Hz, H 4a  & H40, 2.18 (1H, 

br.s, OH), 1.43 (9H, s, t-Bu), 1.35 (3H, t, J7.1 Hz, OCH2CH3); Sc  (50 MHz; 

CDCI3) 160.2 (C0 ester)'  155.7, 152.0 (C 3, C0 Boc)'  82.4 (C5), 80.2 

(OCMe3), 62.0, 61.2 (OCH 2CH3, C 1 .), 54.0 (C2.), 36.6 (C 4), 28.2 (OCMe), 

13.9 (OCH 2 CH3). 

(5 S ,2 'S )-2 '-N- t -butoxycarbonylamino-2'- ( 3-ethoxycarbonyl-2 -isoxazolin- 

5-yI)ethanol(23b) was isolated as a clear oil (0.196 g, 22%)2,  (Found: 

(M+H), 303.15559. C13H23N206  requires (M+H), 303.15560); [a]D  (21°C) 

+1440  (C 0.5 in CHCI3); Vm  (neat) 3380 br (0-H), 1720 (br) (C=O ester & 

Boc), 1590 cm -1  (C=N); 6H  (200 MHz; CDCI3) 5.05 (1H, ddd, JH5H4a  11.2 

Hz, JH5H4b  9.1 Hz, J11-15112,2.2  Hz, H 5), 4.85 (1 H, br.d, NH), 4.32 (2H, q, J7.1 

Hz, OCH2CH3), 3.88-3.71 (3H, m, H 2., Hi a', Hib'), 3.31 (1H, dd, JH4M4b 

18.0 Hz, JFi.5  11.2 Hz, H4a),  3.14 (1 H, dd, '4i4ii4a  18.0 Hz, J9.1 Hz, 

H4b), 2.40 (1H, br.s, OH), 1.41 (9H, s, t-Bu), 1.34 (3H, t, J 7.1 Hz, 

OCH2CH3); 6c  (50 MHz; CDCI3) 160.1 (C=O, ester)'  156.3, 152.4 (C 3, CO3  

Boc)' 82.8 (CO,  80.2 (0CMe3), 62.7, 62.0 (OCH 2CH3, C 1 .), 54.2 (C2.), 36.1 

(C4) ,28. 1  (OCMe3), 13.9 (OCH2Me3). 

56% based on recovered starting material. 

28% based on recovered starting material. 

3.3.8.4. (5R .2S')- and (5S.2'S-2'-N-t-butoxvcarbonvIamino-2'-(3-bromo-

2-isoxazolin-5-vh ethanol (24a) and (24b), 

A solution of the mixture of (5R,4'S)- and (5S,4'S)-3-bromo-5-(3'-N-t-

butoxycarbonyl-2',2'-di methyloxazolidin-4'-yl)-2-isoxazoli ne (21 a) and 

(21 b) (1.05 g, 3.01 mmol) and p-toluenesulphonic acid (0.069 g, 0.36 

mmol) in methanol (20 ml) was stirred at room temperature for 90 hours. 

The reaction mixture was then concentrated in vacuo; the residue was 
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diluted with water and extracted with ethyl acetate (3 x 50 ml). The 

combined organic extract was washed with 10% aqueous sodium 

carbonate (2 x 30 ml), brine (50 ml), then dried over MgSO 4  and the 

solvent evaporated under reduced pressure. Flash column 

chromatography (EtOAc/hexane, 3:7) afforded four compounds. 

Starting material (21 a) and (21 b) (0.17 g) (identical to starting material 

by tic and IR). 

(5R,2'S )-2'-N -t-butoxycarbonylam!no-2'-(3-bromo-2-isoxazolin-5-

yI)ethanol(24a) was isolated as a clear oil which solidified on standing 

to give a white amorphous solid (0.392 g, 42%)1,  m.p. 108-109°C (fine 

white needles from hexane/toluene), (Found: (M+H)+, 309.04506. 

C10H 18BrN204  requires (M+H), 309.04504); [X]D  (22°C) -820  (c 0.55 in 

CHCI3); Vm (neat) 3380 (br) (0-H), 1695 (C=0), 1585 cm -1  (w) (C=N); SH 

(200 MHz; CDCI3) 5.16 (1H, br.d, J8.9 Hz, NH), 4.75 (1H, dt, JR9.1 Hz, 

7.6 Hz, H5), 3.94-3.71 (3H, m, H 2 , Hi a', H10 ,  3.29 (2H, d, JMM  9.1 

Hz, H4a  & H,), 2.41 (1 H, br.s, OH), 1.44 (9H, s, tBu); 8c  (50 MHz; Cod 3) 

155.8 (C=O), 138.1 (C 3), 80.8 (C5), 80.3 (OCMe3), 61.2 (C 1 .), 54.0 (C2.), 

44.3 (C4),28.2  (OCMe3); m/z (FAB ms) 309 & 311 [(M+H)+]. 

(5S ,2 'S )-2'-N-t-butoxycarbony!am!no-2 '-(3-bromo-2-isoxazolin-5- 

yl)ethanol (24b) was isolated as a glassy solid which could not be 

recrystallised (0.198 g, 21%)2,  m.p. 99-101°C (after preparative tic, 

EtOAc/hexane, 1:1); (Found: (M+H)+, 309.04506. C10H 18BrN204  requires 

(M+H), 309.04504); [a]D  (22°C) +93.50  (c 1.5 in CHCI3); Vm (neat) 3370 

(br) (0-H), 1695 (C=0), 1595 cm -1  (w) (C=N); 8H  (200 MHz; CDCI3) 4.94 

(2H, NH and ddd, JH5Fwa  10.5 Hz, JH5H4b  8.6 Hz, JH5HZ  1.9 Hz, H5), 3.88- 

3.62 (3H, m, H2., Hi a', Hib'), 3.31 (1H, dd, 	17.5 Hz, Jp 10.5 Hz, 

Ha), 3.16 (1H, dd, JH&H4a  17.5 Hz, JH&H5  8.6 Hz, H), 2.61 (1H, br.s, 
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OH), 1.43 (9H, s, t-Bu); 6c  (50 MHz, COd 3) 156.3 (C0), 138.3 (C 3), 81.1 

(C5), 80.2 (OCMe3), 62.6 (C 1 ), 54.0 (C 2.), 43.9 (C4), 28.1 (OCMe3); m/z 

(FAB ms) 309 & 311 [(M+H)+]. 

51% based on recovered starting materials. 

25% based on recovered starting materials. 

3.3.8.5. (5S. 2'S-2'-amino-2'-(3-phenvl-2-isoxazoIin-5-yI)ethanol (25 b). 

A solution of (5S,2'S)-2'-N-t-butoxycarbony lam ino-2'-(3-phenyl-2-

isoxazolin-5-yl)ethanol (221b) (0.08 g, 0.26 mmol) in TFA/H 20 (98:2, 1 ml) 

was stirred at room temperature for 1 hour. The solvent was then 

evaporated in vacuo, and dichloromethane (5 ml) added and evaporated. 

The residue was treated with saturated sodium carbonate solution (5 ml) 

and this extracted with dichloromethane (3 x 10 ml). The combined 

organic extract was washed with 10% aqueous sodium carbonate (20 

ml), brine (20 ml), dried over MgSO4  and the solvent evaporated under 

reduced pressure, to give a white solid (43 mg). Flash column 

chromatography (EtOAc/MeOH/conc. ammonia, 17:2:1) furnished a white 

solid (28 mg, 53%), m.p. 145-148°C (from hexane/toluene), (Found: 

(M+H), 207.11335. C 11 H 15N202  requires (Mi-H), 207.11334); [aID (22°C) 

+136.60 (c 0.5 in CH2Cl2); 6H (200 MHz; COd 3) 7.69-7.62 (2H, m, ArH), 

7.44-7.26 (3H, m, ArH), 4.47 (1H, br.s, H 5), 3.85-3.55 (2H, br.m, CH20H), 

3.44 (1H, dd, JH4aH& 16.6 Hz, 	10.6 Hz, H4a), 3.25 (1H, dd, JH&H4a 

16.6 Hz, JH4bH58.3 Hz, H4b), 2.95 (1H, br.s, H 2.), 1.77 (Ca 3H, br.s, OH, 

N H2); m/z (FAB ms) 207 [(M+H)+]. 

3.3.8.6. (5R.2'S)-2'-amino-2'- (3-phenyl-2-isoxazolin-5-yfl ethanol (25 a). 

A solution of (5 R , 2'S)-2'-N-t-butoxycarbonylamino-2'-(3-phenyl-2- 

isoxazolin-5-yl)ethanol (22a) in TFA/H20 (98:2, 2 ml) was stirred at room 
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temperature for 30 minutes. The solvent was then evaporated in vacuo 

and dichloromethane (5 ml) added and evaporated. The residue was 

treated with saturated sodium carbonate solution (5 ml), and extracted 

into dichloromethane (3 x 10 ml). The combined organic extract was 

washed with 10% aqueous sodium carbonate (20 ml), brine (20 ml), dried 

over MgSO4, and the solvent evaporated under reduced pressure. The 

resulting off-white solid was purified by preparative tic 

(EtOAc/MeOH/conc. ammonia, 17:2:1) which furnished the title compound 

(25a) as a white solid (20 mg, 40%) m.p. 128-130°C dec. (from 

hexane/toluene), (Found: (M+H)+, 207.11335. C 11  H., 5N202  requires 

(M+H), 207.11334); [a]D  (20°C) -82°C (C 0.95 in CH2Cl2); 8H  (200 MHz; 

CDCI3) 7.71-7.62 (21-1, m, ArH), 7.43-7.36 (3H, m, ArH), 4.74-4.67 (11-1, 

br.m, 1­15), 3.79-3.55 (21-1, br.m, CH2OH), 3.36 (1H, d, JH1  9.8 Hz, H4a), 

3.36 (1 H, d, JH4bH5  9.3 Hz, 1­14b),  3.18 (1 H, br.s, H 2 ), 1.91 (Ca 3H, br.s, OH, 

N H2); m/z (FAB ms) 207 [(M+H)+]. 

3.3.9. (5S.4'S)-3-12henvI5-(2'-phenvI-4.5-dihvdro-oxazoI-4'-vfl-2-isoxaz-

p/me (26b). 

To a stirred solution of (5S,2'S)-2'-amino-2'-(3-phenyl-2-isoxazolin-5-

yl)ethanol (25b) (7 mg, 0.034 mmol) in dichloromethane (1 ml), at room 

temperature was added a solution of ethyl benzimidate (7.3 mg, 0.05 

mmol) in dichloromethane (0.5 ml). After 25 hours the solvent was 

evaporated in vacuo and the residue subjected to preparative tic 

(EtOAc/hexane, 3:7) which furnished the title compound as a white solid 

(3 mg, 27 %), [aI D  (21°C) +2690  (c 0.075 in CHCI3); 8H  (360 MHz; CDCI3) 

7.91-7.89 (21-1, m, ArH), 7.66-7.63 (21-1, m, ArH), 7.40-7.35 (61-1, m, ArH), 

5.08 (1 H, ddd, JH5F,4a  10.9 Hz, JH5FWb  8.2 Hz, JH5W 3.8 Hz, H 5 	4.71 

(1 H, ddd, EI4I5a'  9.9 Hz, JH4,H5b,  7.2 Hz, JH,,cH5 3.8 Hz, H4. 	4.49 (1 H, 
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dd, H5a'H4'  9.9 HZ, Ia'H5b'  9.0 Hz, H5a' oxaz)' 4.41 (1 H, dd, H5b'H5a'  9.0 Hz, 

H5b'H4' 7.2 Hz, H5b. O,), 3.39 (1H, dd, JH4aH4b  16.9 Hz, JH4aH5  10.9 Hz, 

H4a  isoxaz.)' 3.30 (1 H, dd, JH4bH4a  16.9 Hz, 8.2 Hz, H4b isoxaz.). 

3.4. Synthesis of 2-phenyl-4-vinyl-4.5-dihydro-oxazole (11) 

3.4.1. Ethyl benzimidate hydrochloride. 

A gentle stream of HCI gas was passed through a solution of benzonitrile 

(10 g, 97 mmol) in dry ether (15 ml) and dry ethanol (5 ml), cooled with an 

ice bath, until saturation was reached. The stoppered solution was stored 

in the fridge overnight, then concentrated in vacuo to give a white solid, 

which was washed with dry ether and dried in vacuo, furnishing the title 

compound as a white powder (14.95 g, 83%), m.p. 118°C (dec) (lit., 150  

119-1200C). 

3.4.2. (S-serine methyl ester hydrochloride (1 5. 

Thionyl chloride (275 ml, 448 g, 3.8 mol) was added, with stirring, to 

methanol (HPLC grade, 1000 ml), which had been cooled to -25°C, at 

such a rate that the temperature did not exceed -20°C. (S)-serine (111.3 

g, 1.06 mol) was added in small portions. The reaction mixture was 

allowed to warm to room temperature and stirring continued overnight. 

The resulting white solid was filtered off and the filtrate concentrated in 

vacuo to afford a second crop of the product. The combined solids were 

washed with ether, dried under suction and recrystallised from propan-1 - 

ol to yield the title compound as a white crystalline solid (136 g, 82 %), 

m.p. 153.5-156°C (dec.) (lit., 151  1670C), Vm 	(Nujol) 3350 (0-H), 1750 

CM-1  (C=0); 8H  (200 MHz; CD30D) 5.05 (4H, br.s, OH, NH 3 ), 4.29 (1 H, t, 

4.0 Hz, H 2), 4.11 (1H, d, JH3aH2  4.0 Hz, H3a),  4.10 (1H, Cl, JH3bH2  4.1 

Hz, H3b), 3.95 (3H, s, OCH3). 



162 

3.4.3. (4S)-4-methoxycarbonyl-2-phenyl-4.5-dihydro-oxazole (29). 

The title compound was prepared by the procedure described by Tkaczuk 

and Thornton. 107  

To a solution of (S)-serine methyl ester hydrochloride (15) (4.6 g, 29.5 

mmol) in water (3 ml) was added a solution of ethyl benzimidate (8.2 g, 44 

mmol) in dichloromethane (18 ml). The flask was firmly stoppered and 

shaken for 2 days; the reaction mixture was then filtered through Celite, 

and the filter cake washed through with dichloromethane (2 x 30 ml). The 

filtrate was washed with water (50 ml), dried over MgSO 4  and the solvent 

evaporated in vacuo. The resulting oil was subjected to flash column 

chromatography (Et20/hexane, 1:3) which furnished the title compound 

(29) as a clear oil (4.36 g, 72%) (in larger scale preparations the product 

can be separated from the excess ethyl benzimidate by vacuum 

distillation. The starting material distilled at 47°C (0.09 mmHg) and the 

product came over at 120°C (0.09mmHg)). Vm. (neat) 1740 (C=O), 1640 

cm-1  (C=N); 6H  (200 MHz; CDCI 3), 7.96-7.91 (2H, m, ArH), 7.44-7.31 (3H, 

m, ArH), 4.90 (1H, dd, 	i.5a 10.6 Hz, J 5 ,7.8 Hz, H 4), 4.64 (1H, dd, 

H5bH5a 8.6 Hz, JH5bH4  7.8 Hz, H,), 4.52 (1 H, dd, JH5aH5b  8.6 Hz, 

10.6 Hz, H5a),  3.76 (3H, s, OCH 3); 6c(50  MHz; CDCI3) 171.3 (C=O), 166.0 

(C2), 131.6, 128.3, 128.1 (PhCH), 126.7 (PhC), 69.3, 68.4 (C4 , 
CO, 

 52.4 

(OCH3); m/z 205 (Me, 8%),146 (100), 118 (16), 105 (11), 91(27), 77 (16). 

3.4.4. Attempted preparation of (4S-4-formyl-2-phe nyl-4.5-di hydro-

oxazole (27). 

This reaction was carried out according to the procedure described by 

Tkaczuk and Thornton. 107  

To a cooled (-78°C) stirred solution of 4-methoxycarbonyl-2-phenyl-4,5- 

dihydro-oxazole (29) (0.209 g, 1.02 mmol) in dry dichloromethane (8m1), 
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under a nitrogen atmosphere, was added a solution of DIBAL (1M in 

hexanes, 1.02 ml, 1.02 mmol) at such a rate that the temperature did not 

exceed -70°C. After stirring for 3 hours methanol (0.4 ml) was added and 

stirring continued for 30 minutes. Chloroform (5 ml) and saturated sodium 

potassium tartrate (15 ml) were added and the reaction mixture allowed to 

warm to room temperature; the organic layer was separated and the 

aqueous phase extracted with chloroform (3 x 25 ml). The combined 

organic extracts were dried over MgSO 4  and the solvent evaporated in 

vacuo. 8H  (60 MHz; CDCI3) 9.8 (s, CHO), 3.7 (s, OCH3). 1 H-NMR showed 

that there had been about 20% conversion to the desired aldehyde, the 

reaction was taken no further in the light of the reported instability of (27). 

Attempts to vary conditions : solvent (toluene), quantity of DIBAL, and 

temperature proved fruitless. 

3.4.5. (4 R-4-hydroxymethyl-2-phenyl-4 .5-di hydro-oxazole (30). 

The title alcohol was prepared by the literature procedure 11 ° with some 

modifications. 

To a stirred suspension of lithium aluminium hydride (9.86 g, 260 mmol) 

in dry ether (500 ml) at 0°C, under an argon atmosphere, was added as 

rapidly as possible a solution of (4S)-4-methoxycarbonyl-2-phenyl-4,5-

dihydro-oxazole (29) (26.6 g, 130 mmol) in dry ether (50 ml). After stirring 

for 2 minutes the reaction was quenched with water (10 ml), 20% 

aqueous sodium hydroxide solution (7.4 ml) and finally water (50 ml). 

After stirring overnight the granular precipitate which had formed was 

filtered and washed with several portions of ether. The combined filtrate 

and washings were concentrated in vacuo to approximately 50 ml, and 

the precipitated white solid filtered off, dissolved in dichioromethane and 

dried over MgSO4. Evaporation of the solvent afforded a white solid which 
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was recrystallised from cyclohexane to yield a fluffy white solid (15.92 g, 

70%), m.p. 92-96°C (lit., 110  99.50C) (Found: M, 177.0794. Calc. for 

C 10H 11 NO2  M, 177.07897); [a] 0  (20°C) +81 0  (c 1.0 in CHCI3); Vmax  (Nujol) 

3350 br (0-H), 1640 cm -1  (C=N); SH  (200 MHz; CDCI 3) 7.78-7.72 (2H, m, 

ArH), 7.42-7.22 (3H, m, ArH), 4.5-3.5 (6H, m, H 4, H5a, Hsb, HOCH2) Sc (50 

MHz; CDCI3) 165.3 (C2), 131.2, 128.0 (PhCH), 126.8 (PhC), 69.0, 67.9 

(C5, HOCH 2), 63.3 (C 4); m/z 177 (Mi, 5%), 146 (100), 118 (15), 105 (17), 

77(22). 

3.4.6. Attempts to oxidise (4R)-4-hydroxymethyl-2-phenyl-4.5-dihydro-

oxazole (30) to (4S)- 4-formyl-2-phenyl-4.5-dihydro-oxazole (27). 

3.4.6.1. Oxidation with pyridinium chlorochromate. 111  

Pyridinium chlorochromate (0.24 g, 1.12 mmol) was suspended in dry 

dichloromethane (2 ml) and a solution of the alcohol (0.1 g, 0.56 mmol) 

(30) in dichloromethane (1 ml) added. After stirring for 3 hours tic 

(Et20/hexane, 1:1) showed unconsumed alcohol. A further equivalent of 

pyridinium chlorochromate was added and stirring continued for 2 hours. 

The reaction mixture was diluted with dry ether (15 ml), and the 

supernatant liquid decanted off. The residual brown sludge was washed 

with ether (4 x 10 ml), and the combined organic extract filtered through a 

silica pad and then concentrated in vacuo. 1 H-NMR (60 MHz) of the crude 

product showed no aldehyde signal between 9 and 10 ppm, so the 

reaction was taken no further. 

[CIERWINT.TriaTO'  M,  

A solution of oxalyl chloride (78 mg, 0.61 mmol) in dry dichioromethane 

(1.2 ml) was cooled to -60°C under a nitrogen atmosphere, and dry 
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DMSO (94 mg, 1.22 mmol) in dry dichloromethane (0.5 ml) added 

dropwise over 5 minutes. After stirring for a further 10 minutes a solution 

of the alcohol (30) (104 mg, 0.56 mmol) in dry dichloromethane (0.6 ml) 

was added dropwise over 5 minutes. Stirring was continued for 15 

minutes, then triethylamine (280 mg, 2.78 mmol) was added dropwise 

over 5 minutes. The cooling was then removed and the reaction allowed 

to warm to room temperature (the solution changed from being clear and 

colourless to a clear yellow colour on warming); water (1.6 ml) was added 

and after 10 minutes the organic layer was separated. The aqueous 

phase was extracted with dichloromethane (20 ml) and the combined 

organic extract washed successively with dilute HCI, water, sodium 

carbonate solution and water, then dried over Mg504  and the solvent 

evaporated in vacuo. 1 H-NMR (60 MHz) of the crude product showed only 

a trace of aldehyde (which is reported to be unstable at room 

temperature) 107  so the reaction was taken no further. 

3.4.7. (45)-4- hvdroxvmethvl-2-phenyl-4 .5-dihvdro-oxazole-O-p-to!uene 

sulphonate (31 . 

A solution of alcohol (30) (5.3 g, 30 mmol) and p-toluenesulphonyl 

chloride (8.2 g, 43 mmol) in dry pyridine was stirred for 16 hours at room 

temperature. The reaction mixture was then concentated in vacuo, and 

the residue partitioned between ethyl acetate and water. The aqueous 

layer was extracted with two more portions of ethyl acetate (2 x 50 ml) and 

the combined organic extract washed with water (2 x 180 ml), then dried 

over MgSO4  and the solvent evaporated in vacuo. Flash column 

chromatography (Gradient; hexane to EtOAc/hexane 2:3) furnished two 

products: unidentified white solid (3.52 g) m.p. 109-111°C 6H  (200 MHz; 

CDCI3) 7.79-7.74 (2H, m, ArH), 7.55-7.37 (3H, m, ArH), 6.62 (1H, br.$), 
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4.72-4.61 (1 H, m ), 3.91 (2H, dd, J1 1.2 and 4.3 Hz), 3.74 (2H, dd, J 11.2 

and 6.2 Hz); ö (50 MHz; CDCI3) 167.0 (q), 133.4 (PhC), 131.9, 128.5, 

126.9 (PhCH), 50.8 (CH), 43.5 (CH 2); 

The minor component, tosylate (31), was isolated as a white solid (0.263 

g, 3%), m.p. 107-111°C (from cyclohexane) (Found: (M+H)+, 332.09567. 

C17H 18N04S requires (M+H), 332.09565); [aID (200C) +340  (c 0.95 in 

CH2Cl2); 3H  (200 MHz; CDCI3) 7.86-7.72 (2H, m, ArH), 7.50-7.24 (3H, m, 

ArH), 4.53-4.21 (4H, m, H4 , TsOCH2, H5a), 4.07-3.99 (1H, m, H5b),  2.39 

(3H, s, CH3); 6c  (50 MHz; CDCI3) 165.7 (C2), 144.8, 132.5, 126.9 (PhC), 

131.6, 129.7, 128.5, 128.2, 128.1, 127.8 (PhCH), 70.6,69.6 (TsOCH 2 , CO ,  

65.0 (C4); m/z (FAB ms) 332 [(M+H)+]. 

3.4.8. (R/S)-4-bromomethv1-2-12henvl-4 .5-dihvdro-oxazole (32 ). 

To a stirred solution of thionyl bromide (14.08 g, 5.25 ml, 67.8 mmol) in 

dry toluene (40 ml) at 0°C was added a solution of (F-4-hydroxymethyl-2-

phenyl-4,5-dihydro-oxazole (30) (3.0 g, 16.9 mmol) in dry toluene (20 

ml). The reaction mixture was allowed to warm to room temperature, and 

stirring continued for 8 hours before quenching with saturated aqueous 

sodium hydrogen carbonate until the solution was basic. The mixture was 

poured into water (50 ml) and the organic layer separated; the aqueous 

portion was extracted with ethyl acetate (2 x 50 ml). The combined 

organic extract was dried over MgSO 4  and then the solvent evaporated 

in vacuo to yield a brown oil, which solidified on standing. Kugelrohr 

distillation (100°C, 0.007mmHg) afforded a white solid (2.76 g, 68%) from 

which an analytical sample was obtained by recrystallisation from di-

isopropyl ether, m.p. 70-71.5°C (Found: C, 50.0; H, 4.42; N, 5.8. 

C 10H 10BrNO requires C, 50.02; H, 4.20; N, 5.83%); Vm (Nujol) 1640 



167 

cm-1  (C=N); 6H (200 MHz; CDCI 3) 7.97-7.91 (2H, m, ArH), 7.54-7.36 (3H, 

m, ArH), 4.60 (1H, dddd, Ji.b 9.2 Hz, JH4H5a  6.7 Hz, JH4H4a  7.5 and 3.6 

Hz, H4), 4.51 (1H, t, JI-I5ba  8.6 Hz, JH5bH4  9.2 Hz, H5b), 4.34 (1H, dd, 

'4iab 8.5 Hz, JH5aH4  6.7 Hz, H5a), 3.67 (1H, dd, 10.1 Hz, 

3.6 Hz, BFCHH), 3.40 (1 H, dd, 	10.1 Hz, JH4aH4  7.6 Hz, BrCHH); & 

(50 MHz; CDCI3) 165.5 (C2), 131.6, 128.3 (PhCH), 127.1 (PhC), 71.5 (C 5), 

67.1 (C4), 35.4 (BrCH 2); m/z (FAB ms), 242 [(M.i-H)+]. 

3.4.9. (R/S)-4-iodomethyi-2-12henyi-4.5-dihydrO-OXaZOIe (34). 

To a solution of sodium iodide (3.12 g, 20.8 mmol) in acetone (20 ml) was 

added a solution of (R/S)-4-bro momethyl-2-phenyl-4 ,5-di hydro-oxazole 

(32) (1.0 g, 4.17 mmol) in acetone (10 ml). After refluxing for 7 hours the 

reaction was allowed to cool and the solvent evaporated in vacuo. The 

residue was partitioned between water and ethyl acetate; the aqueous 

layer was extracted with ethyl acetate (2 x 40 ml). The combined organic 

extract was washed with 10% aqueous sodium metabisulphite (50 ml) 

then dried over MgSO4  and the solvent evaporated under reduced 

pressure. The residual brown oil was subjected to flash column 

chromatography (Et20/hexane, 1:1) which yielded a pale yellow solid 

(0.99 g, 83%), m.p. 72-73°C (Kugelrohr distillation of this material (150°C, 

0.1 mmHg) afforded a sample of m.p. 73.5-74.5 0C); (Found: (M+H), 

287.98873. C 10H 11 1N0 requires (M+H), 287.98872); Vm (Nujol) 1640 

cm-1  (C=N); 8H(200 MHz; C 6136) 8.19-8.10 (2H, m, ArH), 7.16-7.01 (3H, m, 

ArH), 4.04-3.90 (1 H, m, H 4), 3.80 (1 H, t H5aH5b  8.6 Hz, JH5aH4 9.1 Hz, H5a), 

3.68 (1H, dd, JH5bH5. 8.6 Hz, 	7.3 Hz, H5b),  2.91 (1H, dd, 

10.0 Hz, JH4aH4  4.0 Hz, ICHH), 2.76 (1 H, dd, JH 4aH la  9.9 Hz, JH4aH4 7.1 Hz, 

ICHH); SC  (50 MHz CDCI3) 164.8 (C2), 131.4, 128.1 (PhCH), 127.0 (PhC), 
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72.8 (C5), 66.9 (C4),10.5  (ICH2). 

3.4.10. 	Preparation of (2-phenyl-4.5-dihydro-oxazol-4-yi) met hyl 

triphenyiphosphonium halides. 

3.4.1 0.1. Attempted Preparation of (2-phenyi-4.5-dihydro-oxazol-4-

yl)methyl triphenylphosphonium bromide (33). 

To a stirred solution of triphenylphosphine (0.115 g, 0.44 mmcl) in 

benzene (1 ml) at room temperature was added a solution of 4-

bromomethyl-2-phenyl-4,5-dihydro-oxazole (32) (0.10 g, 0.42 mmol) in 

benzene (1 ml). The reaction was stirred at 400C  for 10 hours, at which 

time tic (Et20/iight petrol, 7:3) showed no product formation. Stirring under 

reflux for 24 hours also failed to produce any of the desired phosphonium 

salt (tic). The benzene was evaporated in vacuo and replaced with dry 

ethanol (2 ml), after stirring under reflux for 48 hours tic again indicated 

no product formation. 

3.4.10.2. 	(4 R/S)- (2-phenyl-4.5-dihydro-oxazol-4-vI)methyl triphenyl- 

phosphonium iodide (33). 

A solution of 4-iodo met hyl-2-phenyl-4,5-dihydro-oxazole (34) (10.77 g, 

37.5 mmol) and triphenylphosphine (12.63 g, 48 mmol) in dry toluene 

was stirred under reflux for 48 hours. After cooling to room temperature 

the precipitated phosphonium salt was filtered off, washed with toluene 

and dried in vacuo. The resulting yellowish powder was vigorously stirred 

in refluxing ether for 5 minutes, then filtered, and washed with several 

portions of the same solvent. The product was obtained, after drying in 

vacuo, as a white powder (18.66 g, 91%), m.p. 194-196°C (Found: M, 

422.1 6736. C 28H25N0P requires M, 422.16737); 8H  (200 MHz, CD 30D) 

8.07-7.38 (20H, m, ArH), 4.74-4.55 (3H, m, H4, H5 a, H5b), 4.09-3.97 (2H, 
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m, Ph3PCH2); 3c  (50 MHz, CD30D) 164.1 (0 2), 134.04, 133.98, 133.3, 

133.1131.1, 129.4, 129.2, 127.5, 126.0, 119.6, 117.8 (PhC & PhCH), 72.6 

(C4 , Jc4p 16.4 Hz), 60.7 (0 5 , Jcp 5.0 Hz), 28.4 (Ph3PCH2, jcH2p  53.4 Hz); 

m/z (FAB ms) 422 [(M -]-r. 

3.4.11. 4-(R/S)-2-12henvl-4-vinyi-4.5-dihvdro-oxazole(11 1. 

3.4.11.1. Wittig Reaction with butyllithium as the base. 

To a stirred suspension of the phosphonium iodide (33) (2.5 g, 4.55 

mmol) in dry THF (25 ml) under a nitrogen atmosphere and cooled to Ca. 

-78°C was added n-butyllithium (1.6 M, 2.94 ml, 4.7 mmol). This was 

stirred for 30 minutes, and then allowed to warm to room temperature 

before passing gaseous formaldehyde in a stream of nitrogen onto the 

surface of the ylide solution. When the red colour of the ylide had 

completely disappeared the resulting yellow solution was stirred at room 

temperature for 30 minutes and then refluxed for 2 hours. After cooling the 

solvent was evaporated in vacuo; the residue was poured into water and 

extracted with ethyl acetate (3 x 40 ml). The combine organic extract was 

dried over MgSO4  and the solvent removed under reduced pressure. 

Flash column chromatography of the residue (EtOAc/hexane, 1:9) 

furnished the title compound (11) as a clear oil (0.4 g, 51%), (Found: 

(M+H), 174.091884. C 11 H 12N0 requires (M+H), 174.09188); 6H  (200 

MHz; COO1 3) 7.99-7.94 (21H, m, ArH), 7.52-7.25 (3H, m, ArH), 5.91 (1H, 

ddd, JHI'H2b'  17.1 Hz, H1'U2a'  10.1 Hz, JH, ,H4 7.1 Hz, H2C=CH-), 5.32 (1H, 

ddd, JH2WH1 '  17.1 Hz, JH2WH2je 1.4 Hz, H2b'H4  1.2 Hz, HHC=CH-), 5.20 (1H, 

ddd, H2a'H1'  10.1 Hz, H2a'H2b'  1.4 Hz, JHWH4 09  Hz, HHC=CH-), 4.81 (1H, 

M,  JH4H5a 9.8 Hz, JH4H5b  8.2 Hz, J 1 ' 7.1 Hz, JH4H2W 1.2 Hz, H*ia  0.9 Hz, 

H4), 4.56 (1H, dd, JH5aH4  9.8 Hz, JH5aH5b  8.2 Hz, H5a).  4.13 (1H, t H5bH5a 
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8.2 Hz, JH5bH4  8.2 Hz, H50; 6c(50  MHz; CDCI 3) 164.3 (C 2), 137.8 (C 1 .), 

131.3, 128.2 (PhCH), 127.4 (PhC), 116.7 (C 2.), 72.2 (C5), 68.7 (C4); m/z 

(FAB ms) 174 [(M4H)+]. 

3.4.11.2. Using potassium-t-butoxide as the base. 

To a stirred suspension of the phosphonium iodide (33) (2.0 g, 3.64 

mmol) in dry THF (20 ml) was added a solution of potassium-f-butoxide 

(0.41 g, 3.64 mniol) in dry THF (10 ml). After stirring for three hours at 

room temperature a stream of formaldehyde in nitrogen was passed onto 

the surface of the ylide solution until the bright yellow colour had 

disappeared. The reaction mixture was refluxed for 1 hour before cooling, 

adding water (50 ml) and extracting with ethyl acetate (3 x 50 ml). The 

combined organic extract was washed with water (50 ml), brine (50 ml) 

and dried over MgSO4. Evaporation of the solvent in vacuo followed by 

flash column chromatography on the residue (EtOAc/hexane, 3:17) 

furnished the desired olefin (11 ) as a clear oil (0.267 g, 42%). 

3.4.11.3. Using potassium carbonate as the base. 

To a stirred solution of the phosphonium iodide (33) (1.0 g, 1.82 mmol) 

and potassium carbonate (0.25 g, 1.82 mmol) in dry THF (20 ml) was 

added an excess of formaldehyde (estimated) (passed in on a stream of 

nitrogen) followed by 18-crown-6 (10 mg). The mixture was refluxed for 

18 hours, then cooled and the solvent evaporated in vacuo. The residue 

was dissolved in ether (50 ml) and filtered through a pad of silica; the 

silica was washed through with several portions of ether. The combined 

filtrate and washings were evaporated under reduced pressure furnishing 

the alkene (11) as a clear oil (80 mg, 26%). 
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3.5. Cycloaddltion Reactions of 4-(R/S'-2-phenyl-4-vi nyl-4.5-

dihydro-oxazole (11). 

3.5.1. With ethoxycarbonylformonitrile oxide. 

To a stirred solution of alkene (11) (0.1 g, 0.58 mmol) and ethyl chloro-

oximidoacetate (0.135 g, 0.87 mmol) in ether (2 ml) was added a solution 

of triethylamine (0.105 g, 1.04 mmol) in ether (6 ml) over 21 hours. Tic 

(EtOAc/hexane, 1:3) of the reaction mixture showed that there was a 

considerable amount of unconsumed alkene. A second portion of ethyl 

chloro-oximidoacetate (0.087 g, 0.58 mmol) in ether (3 ml) was added 

followed by addition of a solution of triethylamine (0.059 g, 0.58 mmot) in 

ether (3 ml) over 10 hours. The reaction mixture was filtered through 

Celite, and the filter cake washed through with ethyl acetate. The 

combined filtrate and washings were concentrated in vacuo. Half of the 

crude product was set aside, the other half was subjected to preparative 

tic (EtOAc/hexane, 3:7) eluting each plate twice. Three components were 

isolated. 

4,5-diethoxycarbonylfurazan-N-oxide was isolated as a clear oil (20 mg) 

6H (80 MHz; CDCI 3) 4.47 (21-1, q, J 7.1 Hz OCH2CH3), 4.42 (21-1, q, J7.1 

Hz, OCH2CH3), 1.40 (31-1, t, J 7.1 Hz, OCH2CH3), 1.36 (31-1, t, J 7.1 Hz, 

OCH2C H3). 

(AS/S A)- 3 -etho xycarb onyl- 5- (2-ph e nyl-4 ,5- dihydro-oxazo 1-4 -yl)- 2- 

isoxazoline(36a)was isolated as a white solid (86 mg, 51.5%), m.p.101- 

1020C (Found: (M+H) 289.11880. C15 1-1 17N204  requires 289.11882); 8H 

(200 MHz; C 6136) 8.14-8.09 (21-1, m, ArH), 7.16-7.03 (31-1, m, ArH), 4.23- 

4.10 (1H, m, H 5 	3.98 (21-1, q, J7.1 Hz, OCH2CH3), 3.93-3.83 (31-1, 

m, H4 , 1-15a', 1-15b. 	3.18 (11-1, dd, JH4aH4b  17.9 Hz, 	7.1 Hz, 1-14a  

2.83 (1H, dd, JH&ma  17.9 Hz, JH4bH5 10.9 Hz, H, j,X)'  0.94 (31-1, 

t, J7.l Hz, OCH2CH3); 8c  (50 MHz; C6136) 165.4 (C2 	160.7 (C=O), 
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151.9 (C3 	131.6 (PhCH) 1 , 85.2 (C5 	2)' 70.3, 69.9 (0 5  & C 4  

oxaz)' 61.6 (OCH 2CH3), 37.6 (C 4 isoxaz.)'  14.0 (OCH2 CH3); m/z (FAB ms) 

289 [(M+H)+]. 

(RR/S S )-3-ethoxycarbonyl-5-(2-phe nyl-4 ,5- dihydro-oxazo I-4-yI)-2 - 

isoxazoline (36b). was isolated as a clear oil (22 mg, 13 %); 6H  (360 

MHz; 0606) 8.10-8.06 (21-1, m, ArH), 7.07-6.98 (31-1, m, ArH), 4.27 (1H, ddd, 

H5H4a 8.0 Hz, J1ij 11.6 Hz, JH5H4,  3.4 Hz, H5 isoxaz)'  3.99 (1H, dd, 

H5a'Ii5b' 8.1 Hz, 11-15a'H4'  7.3 Hz, 1-15a' 3.963.86 (31-1, m, OCH2CH3 , 04' 

oxaz.)' 3.76 (1 H, dd, H5b'H5a' 8.1 Hz, "H5b'H4'  9.9 Hz, H5b. az)' 3.21 (1 H, dd, 

H4aH4b 17.5 Hz, JH4.H5  8.0 Hz, 1-14a  isoxaz.)' 2.72 (1 H, dd, JE1IH4  17.5 Hz, 

11.6 Hz, 1-14b 	0.89 (31-1, t, J7.1 Hz, OCH2CH3). 

HPLC analysis of the reaction mixture (reverse phase column, eluted with 

H20/MeOH, 2:3) gave an isomer ratio (36a:36b) of 82:18. 

1) Other phenyl signals are masked by the solvent peak. 

3.5.2. With benzonitrile oxide. 

To a stirred solution of alkene (11) (0.10 g, 0.58 mmol) and 

benzohydroximoyl chloride (0.101 g, 0.65 mmol) in ether (5 ml), at room 

temperature, was added a solution of triethylamine (0.07 g, 0.7 mmol) in 

ether (5 ml) over 15 hours. When the addition was complete, stirring was 

continued for a further hour before filtering the reaction mixture through a 

pad of Celite; the filter cake was washed through with several portions of 

ether. The combined filtrate and washings was concentrated in vacuo and 

half of the crude product set aside; the remainder was subjected to 

preparative tic (EtOAc/hexane, 1:1) which furnished two isomeric products 

with an isolated ratio of 70:30. 

(RS /S R) -3-p henyl-5 - (2-phenyl-4, 5-dihydro-oxazole-4-yI)-2 -iso xazo line 

(26a) was isolated as a crystalline solid (51 mg, 60%), m.p. 126-127°C 
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(from hexane/ether), (Found: (M+H)+, 293.12898. C 18H 16N 202  requires 

293.12899); 3H  (360 MHz; CDCI3) 7.99-7.95 (2H, m, ArH), 7.59-7.54 (2H, 

m, ArH), 7.27-7.15 (6H, m, ArH), 4.37 (1H, ddd, JH5H4b  6.4 Hz, JFj5H4,  8.4 

Hz, JH5FI4a103  Hz, H5 	4.28-4.08 (2H, m, H 4.& H5a ' ox ), 4.13 (1H, 

t, '4i1'ia'  8.3 Hz, H5b'H4'  7.9 HZ, H5b' oxaz)' 3.30 (1 H, dd, 	17.0 Hz, 

6.4 Hz, H4a 	3.13 (1H, dd, JH4bFj4a  17.0 Hz, JFWbH5  10.3 Hz, 

H4b 	i; SC (50 MHz; CDCI 3) 165.7 (C2Qxa j, 156.9 (C3 prj,z)'  131.5, 

130.1, 128.6, 128.2, 126.8 (PhCH), 129.2, 127.2 (PhC), 82.9 (C 5  

70.7 (C5 	69.7 (C4 	38.8 (C4 	); m/z (FAB ms) 293 [(M+H)+]. 

(R A/S S )- 3-p he nyl-5- (2-phenyl-4 , 5- dihydro-o xazol- 4-yI) -2- isoxazoline 

(26b) was isolated as a white solid (23 mg, 27 %), m.p. 117-120°C 

(Found: (M*H)+, 293.12898. C 18H 17N202  requires (M+H), 293.12899); 8H 

(360 MHz; CDCI3) 7.92-7.89 (2H, m, ArH), 7.66-7.63 (2H, m, ArH), 7.40- 

7.34 (6H, m, ArH), 5.07 (1 H, ddd, JH5F,4 a  10.9 Hz, JH5FWb  8.2 Hz, JH5W  3.8 

Hz, 	4.71 (1 H, ddd, J' 9.8 Hz, JHCH5W 7.2 Hz, JH4,H5  3.8 Hz, 

H4. 	4.48 (1 H, dd, JH5eH4, 9.8 Hz, H5a'H5b'  9.0 Hz, H5a' 	4.41 (1 H, 

dd, JH5WH5W  9.0 Hz, JH5bw 7.2 Hz, Hsb 	3.39 (1 H, dd, JH4aH4b  16.9 

Hz, JH4M5  10.9 Hz, H4a 	3.30 (1H, dd, JH4bH4a  16.9 Hz, JH4bH5  8.2 

Hz, H4b 	i; 6c (50 MHz; CDCI3) 165.6 (C2 	156.5 (C3  

131.4, 129.9, 128.5, 128.3, 126.6 (PhCH), 129.2, 127.2 (PhC), 81.2 (C 5  

isoxaz.) ,68. 6  (C 4  68.5 (C5  36.2 (C4  ); m/z (FAB ms) 293 

[(M+ H)+]. 

HPLC analysis of the reaction mixture (reverse phase column, eluted with 

H20/MeOH, 2:3) gave an isomer ratio (26a:26b) of 76:24. 

To a stirred solution of alkene (11) (0.197 g, 1.14 mmol) and 
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dibromoformaldoxime (0.252 g, 1.25 mmol) in ether (10 ml), at room 

temperature, was added a solution of triethylamine (0.14 g, 1.37 mmol) in 

ether (10 ml) over 15 hours. On completion of the addition, stirring was 

continued for 1 hour before adding water (30 ml) and separating the 

organic layer. The aqueous phase was extracted with ether (2 x 30 ml), 

and the combined organic extract dried over MgSO 4  and concentrated in 

vacuo. 90% of the crude reaction product was subjected to flash column 

chromatography (EtOAc/hexane, 3:17) (10% was set aside for HPLC 

analysis). Two products were isolated, both of which required further 

purification. (R S/S R)- 3-bromo-5-(2-phenyI-4,5-dihydro-oxazol-4-yI-2-

isoxazoline (37a) (68 mg, 20%) (after dry flash chromatography, hexane 

then EtOAc/hexane, 3:17) m.p. 79-81°C (Found: (M+H)+, 295.00827. 

C 12H 12BrN2O2  requires (M+H), 295.00826); SH  (200 MHz; CA) 8.10-8.05 

(2H, m, ArH), 7.11-7.04 (3H, m, ArH), 3.97-3.80 (4H, m, H 5  isoxaz ., and H4., 

H5a', H5b' oxaz)' 2.89 (1H, dd, JH4aH4b 17.4 Hz, J}.t.l5 6.3 Hz, H4a  isoxaz.)' 

2.57 (1H, dd, JH4bHU  17.4 Hz, JH&H5  9.9 Hz, H4b 	6c (90 MHz; 

CDCI3) 166.0 (C2. 	139.7 (C3 	131.7, 128.3 (PhCH), 127.0 

(PhC), 83.3 (C 5 	70.4 (C 5. 	69.2 (C4. 	45.2 (C4 	m/z 

(FAB ms) 295 and 297 [(M4-H)+]. 

(AR/S S) -3- bromo -5 -(2 -ph enyl- 4, 5-dihydro-o xazol-4-y!)-2 -i soxazo line 

(37b) was isolated as a white solid (after preparative tIc, EtOAc/hexane, 

1:1) (30 mg, 9%), m.p. 103.5-104.5°C (Found: (M+H)+, 295.00827. 

C12H 12BrN2O2 requires (M+H), 295.00826); 8H  (200 MHz; C 6D6/CDCI3) 

7.99-7.94 (2H, m, ArH), 7.16-7.02 (3H, m, ArH), 4.21 (1H, ddd, JH5H4b  11.0 

Hz, J H5H4a  7.4 Hz, 	2.4 Hz, H5 	3.99 0 H, t, 	a'' 5.3 Hz, 

H5a'H4' 5.2 Hz, H 5 ), 3.90 (1H, m, JH4H5,y  8.7 Hz, '4i.'Ia'  5.2 Hz, "H4'H5 

2.4 Hz, H4.), 3.80 (1 H, dd, H5b'H4'  8.7 Hz, JH5WH5w  5.3 Hz, H5b' oxaz.)' 

2.88 (1H, dd, JH4aH4b 17.1 Hz, 7.4 Hz, H 2.49 (1H, dd, 
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17.1 Hz, JH4bH5  11.0 Hz, H 	& (90 MHz; C6D6/CDCI3 ) 

166.0 (02 ' 	137.3 (03 c)'  131.6, 128.4 (PhCH), 127.1 (PhC), 81.7 

(C5 isoxaz.)'  68.6 (C 5. 	68.3 (C 4 . 	43.1 (C 4 	m/z (FAB ms) 

295 and 297 [(M+H)+]. 

HPLC analysis of the reaction mixture (reverse phase column, eluted with 

H20/MeOH, 1:1) gave an isomer ratio (37a:37b) of 69:31. 

3.6. Preparation of Nitrile Oxide Precursors (40) and (42). 

3.6.1. 4-( R/S)-4-nitromethyl-2-phenvl-4.5-dihydro-oxazole ( 42). 

A solution containing 4-(R/S)-4-iodomethyl-2-phenyl-4,5-dihydro-oxazole 

(34) (0.5 g, 1.74 mmol), phloroglucinol (0,56 g, 3.48 mmol) and sodium 

nitrite (0.27 g, 4.0 mmol) in dry DMSO (7 ml) was stirred for 4 days at room 

temperature. The solvent was then evaporated in vacuo, and the residue 

poured into water (10 ml) and extracted with ethyl acetate (4 x 20 ml). The 

combined organic extract was dried over MgSO4  and the solvent 

evaporated under reduced pressure. Flash column chromatography 

(EtOAc/light petrol, 1:1) furnished a white solid which was recrystallised 

from hexane to give fine white needles (0.23 g, 63%), m.p. 82-82.5°C 

(Found: C, 57.9; H, 4.79; N, 13.4. C 10H 10N203  requires C, 58.2; H, 4.89; N, 

13.59%); Vm  (Nujol) 1640 (C=N), 1545 and 1375 cm -1  (NO2); 6H  (200 

MHz; CDCI 3), 7.94-7.90 (2H, m, ArH), 7.55-7.36 (3H, m, ArH), 4.94 (1H, 

dddd, '.5a 9.4 Hz, 8.6 Hz, 7.1 Hz, JH4cH24Q  4.7 Hz, H4), 

4.76 (1 H, dd, J4(gem)  13.5 Hz, JCH24aH4  4.7 Hz, 0 2NCHH), 4.64 (1 H, t, 

H5ab 9.3 Hz, J.it1  9.4 Hz, H5a),  4.42 (1 H, dd, JCI-4u(gem)  13.3 Hz, J 

4cf'4 8.6 Hz, 02NCHH), 4.36 (1 H, dd, JH5bH5a  9.2 Hz, JH5bH4  7.1 Hz, H5b); 6c 

(50 MHz; CDCI3) 166.1 (0 2), 131.9, 128.3 (Ph), 77.5 (0 2NCH2), 70.7(05), 

63.9 (04), m/z (FAB ms) 207 [(M+H)]. 
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3.6.2. (4R)-4- aldoximino-3-(N-t-butoxvcarbonyl)-2 .2-dimethvloxazolidine 

(40). 

To a stirred solution of hydroxylamine hydrochloride (0.237 g, 3.92 mmol) 

in pyridine (10 ml) was added a solution of the impure aldehyde (18) (0.5 

g, 2.18 mmol) in pyridine (5 ml). After stirring for 2 hours no aldehyde 

remained (tIc, EtOAc/hexane, 5% phosphomolybdic acid/EtOH). The 

reaction mixture was concentrated in vacuo, poured into water and 

extracted with ethyl acetate (3 x 40 ml). The combined organic extract was 

dried over MgSO 4  and the solvent evaporated under reduced pressure 

affording a clear viscous oil. Flash column chromatography 

(EtOAc/hexane, 3:17) furnished a clear oil (0.21 g, 40%) as a (2:3) mixture 

of cis and trans isomers (Found: C, 54.33; H, 8.45; N, 11.58. C 11 H 20N204  

requires C, 54.1; H, 8.2; N, 11.5%); vm  (neat) 3390 (br) (0-H), 1690 cm -1  

(C=0); 8H  (200 MHz, C 61D 6, 60°C) 8.1 (1 H, br.s, OH), 7.33 (0.6H, d, H-4aH4 

6.0 Hz, HON=CH), 6.68 (0.4H, d, H-4czH4  5.4 Hz, HONCH), 4.994.93 

(0.4H, m, H4), 4.36-4.31 (0.6H, m, H 4), 3.98 (0.6H, dd, JH5aH5b  9.1 Hz, 

JH5aH4 6.9 Hz, H5a),  3.82-3.74 (1.5H, m, H5a, H5b, H50, 1.53, 1.52, 1.43 

(6H, 3s, OC(CH30), 1.36, 1.35 (9H, 2s, t-Bu); 6 (50 MHz, CA,  60°C) 

153.4, 149.9 (C=O, C=N), 94.5, 94.4 (C2), 80.5 (OCMe3), 67.0, 66.4 (C5), 

56.6, 53.5 (C4), 28.5 (00 Me3), 26.7, 24.5 (OC(CH 3)2N); m/z (FAB ms) 245 

[(M+H)+]. 

MOT 	 a-6 

oxazole-4-carbonitrile oxide and 	 (')iI.1i14) 

i1ll[.)tM.]W.JIsF.flkT1UhL.14tI:.. 

CvcloadditioTc2ea-VioTs of 

The title nitrile oxide was generated from 4-(RIS)-4-nitromethyl-2-phenyl- 
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4,5-dihydro-oxazole (4 2) by the procedure of MukaiyamaA 

3.7.1.1. With styrene (procedure A). 

A solution of 4-(R/S)-4-nitromethyl-2-phenyl-4,5-dihydro-oxazole (42) 

(0.15 g, 0.73 mmol), p-chlorophenyl isocyanate (0.485 g, 3.16 mmol), 

styrene (0.152 g, 1.46 mmol) and triethylamine (2 drops) in toluene was 

stirred at room temperature for 18 hours. Ether (5 ml) and diaminoethane 

(0.15 g, 2.44 mmol) was then added, and stirring continued for 30 

minutes, before filtering of the precipitate and washing with several 

portions of ethyl acetate. The combined filtrate and washings was 

concentrated in vacuo furnishing a yellow solid, 66% of which was 

subjected to preparative tic (EtOAc/hexane, 1:19, eluted twice) which 

gave two products. (RS/S R)-4 , 5-di-(2-phenyl-4 ,5-dihydro-oxazol-4-

yI)furazan-N-oxide (45a) was isolated as a crystalline solid (25 mg, 

27%), m.p. 149-150°C (Found: (M+H)+ 377.12496. C 20H 17N404  requires 

(M+H), 377.12497); 814 (200 MHz; CDCI 3) 8.03-7.97 (21-1, m, ArH), 7.92- 

7.86 (21-1, m, ArH), 7.55-7.33 (61-1, m, ArH), 5.57 (11-1, dd, JH4H5a  7.9 Hz, 

10.2 Hz, H4), 5.48 (1 H, dd, 44,a'  10.2 Hz, JHCHW  9.0 Hz, H4.), 5.02 

(1H, dd, JH5am 7.9 Hz, Hz, H5a),  4.80 (1H, dd, H5a'H4'  10.2 Hz, 

Iia'H5b' 8.6 Hz, 1 -150, 4.74 1 H, t, J145144' 9.0 Hz, H5b'H5a'  8.6 Hz, 1-150, 4.66 

(1 H, dd, J.i.t,gj 10.2 Hz, JH5bH5a  8.9 Hz, 1-15b); m/z (FAB ms), 377 [(M+H)+]. 

(RR/SS)-4 ,5-di-(2-phenyl-4 ,5-dihydro-oxazol-4-yI) furazari- N-oxide (451b) 

was isolated as a crystalline solid (19 mg, 21%), m.p. 144-145°C (Found: 

(M+H)+,377.12496. C20H 17N404  requires (M+H), 377.12497); 614  (200 

MHz; CDCI3) 7.93-7.71 (41-1, m, ArH), 7.52-7.24 (61-1, m, ArH), 5.71 (1 H, dd, 

J 9.2, 10.5 Hz, 1­14), 5.65 (1H, dd, J 10.5, 8.9 Hz, H4.), 4.91 (1H, t, J8.8, 

1­15a), 4.81-4.62 (31-1, m, 1 ­15b, 1­15a', 1­150; m/z (FAB ms) 377 [(M+H)+]. 
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3.7.1.2. With styrene (Procedure B). 

To a stirred solution of tolylene 2,4-di-isocyanate (0.174 g, 1.0 mmol), 

styrene (0.091 9,  0.8 mmol), and triethylamine (0.02 g, 0.2 mmol) in 1,2- 

dichloroethane  (10 ml) was added, over 4 hours, a solution of 4-(R/S)-4-  

nitro methyl-2-phenyl-4,5-dihydro-oxazoie (42) (0.092 g, 0.4 mmol) in 1,2-

dichloroethane (6 ml). When the addition was complete the reaction 

mixture was refluxed for 1 hour, then cooled to room temperature, treated 

with 1 ,2-diaminoethane (0.072 g, 1.2 mmol) and stirred for a further 30 

minutes. After filtration through Celite, tic of the crude product 

(EtOAc/hexane, 3:7) showed incomplete consumption of the starting 

material. 

The crude product in 1 ,2-dichloroethane (5 ml) was added dropwise over 

3 hours to a solution of styrene (0.092 g, 0.4 mmol), tolylene 2,4-di-

isocyanate (0.174 g, 1.0 mmol) and triethylamine (0.02 g, 0.2 mmol) in 

1 ,2-dichloroethane (10 ml). When the additions was complete the reaction 

mixture was treated as before. The crude product, after filtration and 

concentration in vacuo, was subjected to preparative tic (EtOAc/hexane, 

3:7, eluted twice) which furnished two products. 

(RS/S R) -5-phe nyl-3 -(2 -ph enyl-4 ,5 -di hydro -oxazo I- 4-y!)- 2- isoxazoline 

(46a) was isolated as a white crystalline solid (42 mg, 32%), m.p. 135- 

136°C (Found: (M+H), 293.12898. C18H 17N202  requires (M+H), 

293.12899); 8H  (200 MHz, CDCI3) 8.0-7.9 (2H, m, ArH), 7.55-7.30 (8H, m, 

ArH), 5.65 (1H, dd, H5 	11.0 Hz, JH5H4b 8.8 Hz, H5 	5.20 (1H, dd, 

H4'H5a' 7.6 Hz, H4'b'  10.1 Hz, H 4 	4.73 (1 H, dd, H5a'H5b'  8.8 Hz, 

'4-a'F4 ,  7.6 Hz, H5 a' oxaz)' 4.63 (1H, dd, H5b'H5a'  8.8 Hz, JHWH4 ,  10.1 Hz, 

Hsb' 	3.59 (1H, ddd, JH4aH& 17.3 Hz, 	11.0 Hz, JHI'  0.8 Hz, 

H4a 	3.05 (1H, ddd, JH4b t44a  17.3 Hz, JH&H5  8.8 Hz, 	0.95 Hz, 

H, j,);  m/z (FAB ms) 293 [(M+H)]. 
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(R R/S S)-5-phenyl-3-(2  -ph enyl- 4,5 -dihydro -oxazo I- 4-yt)- 2-iso xazo/ine 

(46b) was isolated as a clear oil (35 mg, 27%), (Found: (M+H)+, 

293.12898. C 18 H 17N202  requires (M+H), 293.12899); 6H  (200 MHz, 

COd 3), 7.96-7.91 (2H, m, ArH), 7.54-7.35 (3H, m, ArH), 7.3-7.27 (5H, m, 

ArH), 5.64 (1H, dd, JH5FI4a  11.0 Hz, JH5H4b  8.6 Hz, H4 jsc)'  5.25 (1H, dd, 

1i4'Ia' 8.4 Hz, JH4 ,H5w 9.4 Hz, H4  4.7-4.5 (2H, m, H5a' & H5b' oxaz.)' 

3.48 (1H, ddd, JH4aFI4b  17.3 Hz, JH4aH5  10.9 Hz, H4aH4'  0.8 Hz, H4a  isoxaz.)' 

3.10 (1H, ddd, JF14bFl4a  17.3 Hz, JF,4bH5  8.7 Hz, J' 0.8 Hz, H4bisoxaz ) 

m/z (FAB ms) 293 [(M+H)]. 

3.7.1.3. With oct-i -ene. 

To a stirred solution of oct-1-ene (0.116 g, 1.04 mmol), triethylamine 

(0.027 g, 0.26 mmol) and tolylene 2,4-di-isocyanate (0.226 g, 1.3 mmol) in 

dry 1 ,2-dichloroethane (7 ml), under reflux, was added a solution of 4-

(R/S)-4-nitromethyl-2-phenyl-4,5-dihydro-oxazole (42) (0.107 g, 0.52 

mmol) in 1,2-dichioroethane over 4 hours. When the addition was 

complete refluxing was continued for a further 2 hours; the reaction 

mixture was then cooled to room temperature and treated with 1,2-

diaminoethane (0.156 g, 1.7 mmol) in ether (3 ml). After 20 minutes the 

reaction mixture was filtered through Celite and washed with several 

portions of chloroform. The residue, after evaporation of the solvent, was 

subjected to flash column chromatography (hexane then EtOAc/hexane, 

3:17) (two columns were required to achieve complete separation) which 

afforded two products. 

(RR/SS)-5-octy!-3- (2-phenyl-4,5-dihydro-oxazo!-4-y!)-2-isoxazoline ( 47a) 

was isolated as a clear oil (76 mg, 49%)1  which required further 

purification (preparative tic, EtOAc/hexane 1:4) (Found: (M+H)+, 

301.19160. C 18H25N202  requires (M+H), 301.19159); 8H (200 MHz; 
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CDCI3) 8.0-7.9 (2H, m, ArH), 7.55-7.37 (3H, m, ArH), 5.16 (1H, dd, I-i4'H5a' 

8.0 Hz, JIi4'I-b'  9.7 Hz, H4.), 4.7-4.5 (3H, m, H5 isoxaz.' H5 a' & H5b'oxaz), 

3.17 (1H, ddd, JH4aH4b 17.2 Hz, Jj 10.5 Hz, H4aH4'  0.7 Hz, H 4 isoxaz.)' 

2.66 (1H, ddd, 17.2 Hz, JH&H5  8.6 Hz, 0.8 Hz, H4biSOX ), 

1.78-1.13 (1 OH, m, 5xCH 2), 0.87 (3H, t, CH 3); m/z (FAB ms) 301 [(M+H)]. 

(RS/S R)-5- octyl-3- (2-phenyl-4,5-dihydro-oxazo/-4-yI)-2-isoxazoline (47 b) 

was isolated as a white powder (44 mg, 28%), m.p. 83-84°C (from 

methanol) (Found: (M+H), 301.19160. C 18H25N202  requires (M+H), 

301.19159); 6H  (200 MHz; CDCI 3) 7.97-7.93 (2H, m, ArH), 7.53-7.37 (3H, 

m, ArH), 5.16 (1 H, t, H4'a'  9.3 Hz, JH4H5b,  8.5 Hz, H4.), 4.66-4.54 (1 H, 

m, H5  4.61 (1 H, d, b'H4' 8.4 Hz, Hsb' 4.60 (1 H, d, H5a'H4'  93 

Hz, H5a' oxaz.)' 3.08 (1H, dd, JH4aH4b  17.1 Hz, JH4aH5  10.3 Hz, H4a  isoxaz.)' 

2.73 (1H, dd, JH4bH4a  17.1 Hz, JH4bH5  8.5 Hz, H 1.68-1.25 (1 OH, 

m, 5xCH2), 0.86 (3H, t, CH 3); SC  (90 MHz; CDCI3) 165.6 (C2 ' 0 ), 158.2 

(C3 	131.7, 128.34, 128.29 (PhCH), 127.1 (PhC), 81.1 (C5  

69.7 (C 5 Oxaj, 64.0 (C 4  Oxaj, 39.5 (C 4  isoxaj, 35.0, 31.6, 28.9, 25.3, 22.4 

(5XCH2), 13.9 (CH3); m/z (FAB ms) 301 [(M+H)+]. 

1) Not pure. 

3.7.2. 	Cycloaddition Reactions of (4F-3-(N-t-butoxycarbonyl)-2.2- 

di methyloxzolidi ne-4-carbonitrile oxide (39). 

The title nitrile oxide was generated in situ by the NCS procedure 

developed by Torsseli 40  

3.7.2.1. With styrene. 

To a stirred solution of oxime (40) (0.5 g, 1.05 mmol) and pyridine (1 

drop) in dry chloroform (10 ml), at room temperature, was added, in one 

portion, NCS (0.27 g, 2.05 mmol). After 1.5 hours styrene (0.426 g, 4.1 
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mmol) was added, followed by dropwise addition of a solution of 

triethylamine (0.21 g, 2.08 mmol) in dry chloroform (10 ml) over 6 hours. 

After stirring for a further 1 hour after completion of the addition the 

reaction mixture was poured into water (50 ml). The organic layer was 

separated and washed with water (2 x 50 ml), brine (50 ml) and dried over 

MgSO4. Half of the crude product was set aside, the other half was 

subjected to flash column chromatography (EtOAc/hexane, 1:19) which 

afforded two products. 

(5 A, 4' R)-5- phenyl-3 -[3'- (N -t-buto xycarbo nyl)-2' ,2 '-dim ethyloxazolidin -4'-

yi]-2-isoxazoline (49a) was isolated as a clear oil which solidified on 

standing (0.137g, 39%), m.p. 71-72°C (from hexane) (Found: (M+H)+ 

347.19705. C 19H27N204  requires (M+H), 347.19707); [a]D  (20°C) -252.4 0  

(c 0.8 in CHCI 3); 8H  (200 MHz; CDCI3 , 60°C) 7.32-7.23 (5H, m, ArH); 5.55 

(1H, dd, JH5H4a  10.9 Hz, JH5H4b  7.8 Hz, H5 	4.78 (1H, dd, J'H5a'6.5 

Hz, H4'H5b'  2.6 Hz, H4. oxaz)'  4.10 (1 H, dd, H5a'H5b'  9.3 H, H5a'H4'  6.5 Hz, 

H5a' oxaz.)' 3.95 (1 H, br.d, H5b' 3.37 (1 H, ddd, JHHA,  17.0 Hz, "H4aJ-15 

10.9 Hz, jF'I4'  0.5 Hz, H4a  isoxaz), 2.93 (1H, dd, H4bH4a  17.0 Hz, 

7.8 Hz, H4b 	1.55, 1.49 (6H, 2s, OC(CH3)2N), 1.45 (9H, s, t-Bu); 3 

(50 MHz; CDCI3, 60°C) 157.8 (C=O), 151.6 (C 3 	140.9 (PhC), 

128.4, 127.8, 125.4 (PhCH), 94.3 (C 2. 	81.8 (C5 	80.4 

(OCMe3), 66.3 (C5. 	54.6 (C4. c,,2)'  42.6 (C4.), 28.2 (OCMe3), 

26.1 (CH3), 23.7 (CH3); m/z (FAB ms) 347 [(M+H)+]. 

(5S , 4' R)-5 -phenyl-3-[3 '-(N-t -butoxycarbo nyl)-2 ',2'-dimethy!oxazo 11dm- 4- 

y-2-isoxazoIine (49b) was isolated as a white solid (94 mg, 26%), m.p. 

88-89°C (from hexane) (Found: (M+H)+, 347.19705. C 19H27N204  requires 

(M+H), 347.19707); [a]D  (20°C) +69.6 0  (C 1.25 in CHCI3); 6H  (200 MHz, 

CDCI3 , 60°C) 7.33-7.24 (51-1, m, ArH), 5.54 (1H, dd, JH5H4a 10.9 Hz, 
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8.4 Hz, H 5  isox)' 4.81 (1H, dd, Ii4'H5a'  6.5 Hz, JI-I4'Ib'  2.5 Hz, H 4. oxaz.)' 

4.15 (1H, dd, JH5eH51Y  9.3 HZ, H5a'H4  6.5 Hz, H5a' oxaz)' 4.00 (1H, dd, 

JH5b'H5a' 9.3 HZ, JH5bH4,  2.5 Hz, H5b' oxaz)' 3.39 (1 H, ddd, JH4aH4b  17.1 Hz, 

10.9 Hz, JH4aHc  0.75 Hz, H4a  jjy), 2.95 (1 H, ddd, JFMbH4a  17.1 Hz, 

H4bH5 8.4 Hz, H4aH4'  0.7 Hz, H4b isoxaz)'  1.59, 1.51 (6H, 2s, OC(CH30), 

1.40 (9H, 5, t-Bu); 8 (50 MHz; CDCI3, 60 0C) 158.2 (C=O), 151.6 (C 3  

141.0 (PhC), 128.5, 127.9, 125.6 (PhCH), 94.4 (C e . ox)  81.9 (C5  

isoxaz.) ,  80.5 (OCMe3), 66.7 (C5. 54.6 (C4  42.7 (C 4  isoxaj q  28.1 

(OCMe3), 26.2 (CH3), 23.6 (CH3); m/z (FAB ms) 347 [(M+H)+]. 

3.7.2.2. With oct-i -ene. 

To a stirred solution of NCS (0.167 g, 1.25 mmol) in dry chloroform (6 ml) 

was added the oxime (40) (0.3 g, 1.23 mmol) and pyridine (1 drop). This 

was stirred at 40°C for 2 hours, then cooled to room temperature before 

adding oct-i-ene (0.28 g, 2.46 mmol) followed by slow addition of a 

solution of triethylamine (0.17 g, 1.72 mmol) in dry chloroform (5 ml) over 

9 hours. When the addition was complete stirring was continued for 1 

hour, the reaction mixture was then washed with water (3 x 20 ml), brine 

(20 ml) and dried over MgSO 4. Flash column chromatography of the 

residue (hexane then EtOAc/hexane, 12:88) allowed, after recolumning of 

overlapping fractions, complete separation of the two diastereomers. 

(5S ,4' R)-5- hexyl-3-[3'-(N-t-bu toxycarbonyl)-2' ,2' -dimethyloxazolidin -4-yi]-

2-isoxazo!ine (50a) was isolated as a clear oil (0.144 g, 33%) (Found: 

(M+H)+, 355.25966. C19HN204  requires (M+H), 355.25968); [a]D  (20°C) 

-33.50  (c 0.8 in CHCI3); Vm (neat) 1700 cm -1  (C=O); 8H  (360 MHz; CDCI3 , 

60°C) 4.75 (1 H, dd. H4'a'  6.6 Hz, JH4,H5b. 2.0 Hz, H 4 . 	4.56 (1 H. m, 

H5 	4.12 (1H, dd, JH5WH5W  9.2 Hz, JH5ew 6.6 Hz, Hsa' 	4.02 

3.85 (1 H, br.s, H5b' oxaz)' 2.98 (1 H, dd, JH4aH4b16.8 Hz, Jj 10.3 Hz, H4a 
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isoxaz.)' 2.58 (1 H, dd, '4i4*a  16.8 Hz, JH4bH5  7.9 HZ, H4b isoxaz)' 1.70-1.28 

(25H, br.m, 5xCH 2 , t-Bu, OC(0H3)2N), 0.87 (3H, t, OH3); 8 (90 MHz, 

CDCI3 , 25°C) 158.3 (0=0), 151.8 (C 3 	94.4 (Ca. oxaz)  80.8 (C 5  

isoxaz.)' 80.5 (OCMe 3), 66.6 (C5 . 	54.8 (C4. oxaz)'  39.6 (C4 isoxaz.)'  35.1, 

31.6, 28.9, 25.2, 22.3 (5xCH2), 28.3 (OCMe3), 26.2 (OH3), 23.7 (CH3), 13.7 

(CH3); m/z (FAB ms) 355 [(M+H)]. 

(5 R,4' R) -5- hexyl-3-[3' -(N -t-butoxycarbonyl)-2' ,2 '-dimethyloxazolidin-4-yIJ- 

2-isoxazoline (50b) was isolated as a clear oil (0.159 g, 37%) (Found: 

(M+H), 355.25968. C 19H 35N204  requires (M+H), 355.25966); [a]D  (200C), 

-9.540  (C 0.65 in CHCI3); Vm (neat) 1700 (C=0), 1605 cm -1  (C=N); oH 

(360 MHz; CDCI3 , 60°C) 4.76 (1 H, dd, 	'Iia' 6.6 Hz, 	2.0 Hz, H4  

oxaz.)' 4.6-4.5 (1H, m, H 5 	4.13 (1H, dd, Ia'Ib'  9.2 Hz, H5a'H4'  6.6 

Hz, H5a' 	4.0-3.85 (1 H, br.d, H5b. o), 2.99 (1 H, ddd, JH4aH4b  16.9 Hz, 

10.2 Hz, JH4aI-4'  0.3 Hz, H 	2.57 (1H, dd, JH4bFj4a  16.8 Hz, 

8.4 Hz, H4b 	1.7-1.3 (25H, m, 5xCH 2 , t-Bu, OC(CH3)2N), 0.88 

(3H, t, CH3); 8 (90 MHz; CDCI3, 25°C) 158.5 (0=0), 151.8 (0 3  j )( ), 

94.4 (02' oxaz)' 80.9 (0 5  sxaz)  80.5 (OCMe3), 66.7 (0 5 . 	54.8 (C 4. 

oxaz.)' 39.5 (0 4 	35.1, 31.6, 28.9, 25.3, 22.4 (5xCH 2), 28.3 (OCMe3), 

28.2 (CH3), 26.2 (OH 3), 13.7 (OH3); m/z (FAB ms) 355 [(M+H)]. 

3.7.2.3. With diethylfumarate. 

To a stirred solution of the oxime (40) (0.5 g, 2.05 mmol) and pyridine (1 

drop) in dry chloroform (10 ml) was added, in one portion, NCS (0.27 g, 

2.05 mmol). After stirring for 2 hours at room temperature diethylfumarate 

(0.71 g, 4.1 mmol) was added, followed by slow addition of a solution of 

triethylamine (0.21 g, 2.08 mmol) in dry chloroform (10 ml) over 16 hours. 

After stirring for a further hour the reaction mixture was washed with water 
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(3 x 30 ml), dried over MgSO4  and the solvent evaporated in vacuo. Flash 

column chromatography on 75% of the crude reaction product 

(EtOAc/hexane, 1:9) afforded pure portions of each of the diastereomeric 

adducts, along with some mixed fractions. The combined yield of (51 a) 

and (51 b) was 0.304 g, 36%. 

The first eluted pure isomer, (4S ,4'R ,5S)-4 ,5- dietho xycarbonyl-3-[3'(N-t- 

butoxycarbonyl)-2' ,2'-dimethyloxazolidin-4-y!]-2-isoxazoline (51 a) 1 , (35 

mg) was isolated as a clear oil (Found: (M+H)+, 41 5.20801. C 19H31 N208  

requires (M+H), 415.20802); [a]D  (20°C) -166.2 0  (c 1.0 in CHCI3); Vm 

(neat) 1740 (C=O), 1700 cm -1  (C=O); 3H  (200 MHz; CDCI 3 , 60°C) 5.15 

(1 H, Cl, JH5H4  5.5 Hz, H 5 	4.79 (1 H, t, JH4,H5 ,  5.0 Hz, H 4. 	4.47 

(1 H, d, JMH5  5.5 Hz, H4 isoxaz)'  4.19 (4H, q, J 7.1 Hz, OCH2CH3), 4.09 (2H, 

d, JH5,H4,  5.0 Hz, H5a' & H5b' 	1.55, 1.47 (6H, 2s, OC(CH3)2N), 1.41 

(9H, s, t-Bu), 1.25 (6H, t, J7.1 Hz, OCH2CH3); 8 (50 MHz; CDCI 3, 60°C) 

168.4 (C=O ester)'  167.4 (C=O ester)'  155.6 (C=O Boc)'  151.6 (C3  

94.6 (C2. 	81.3 (C 5 	80.7 (OCMe3), 66.6 (C 5. 	62.1, 61.9 

(OCH2CH3), 57.9, 53.9 (C4. 	C4 	28.1 (OCMe3), 25.6 (CH3), 

24.4 (CH303.8 (OCH2CH3); r&z (FAB ms) 415 [(M+H)+]. 

The second eluted pure isomer, (4R,4'R,5R)-4,5-diethoxycarbonyl3-[3'- 

(N-t-butoxycarbony!)-2' , 2'-dimethy!oxazolidiri-4-yi]-2-isoxazo!ine (51 b)', 

(46 mg) was isolated as a clear oil (Found: (M+H)+, 415.20801. 

C 19H31 N208  requires (Mi-H), 415.20802); [a] 0  (20°C) +102.1 0  (c 0.7 in 

CHCI3); Vm  (neat) 1740 (C=O), 1700 cm -1  (C=O); 8H  (200 MHz, CDCI3 , 

56°C) 5.19 (1 H, d, JH5H4  6.3 Hz, H5 	4.86 (1 H, br.dd, JHVH5aV  5.8 Hz, 

H4'H5b' 2.7 Hz, H4. 4.30 (1H, d, JH4M  6.3 Hz, H4  4.29-4.18 

(4H, 2q, OCH2CH3), 4.10 (11H, dd, '415a'H5b'  9.3 Hz, H5a'H4  6.0 Hz, H5a' 

oxaz.)' 4.04 (1H, dd, H5b'H5a'  9.3 Hz, H5b'H4'  2.8 Hz, HSb' oxaz.)' 1.63, 1.48 
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(6H, 2s, 0C(CH3)2N), 1.42 (9H, s, t-Bu), 1.29 (6H, t, J7.1 Hz, OCH 2CH3); 

c (50 MHz; CDCI 3 , 56°C) 168.3 (C=0 ester)'  167.4 (0=0 ester)'  155.0 (0=0 

Boc)' 151.7 (C3 	94.7 (C e. 	82.2 (C5 	), 80.7 (OCMe3), 66.0 

(C5. 	62.3, 62.1 (OCH2CH3), 56.8, 54.5 (04' oxaz.,  C4 	29.5 

(CH3), 28.1 (OCMe3), 25.8 (CH 3), 13.8 (OCH 2 CH3); m/z (FAB ms) 415 

[(M+H)]. 

1) Arbitrary assignment of stereochemistry. 

3.8. Deprotection of (50b). 

3.8.1. (5R .2' R)-2'-amino-2'- (5-hexvl-2 - isoxazolin-3 - vIethanoI (51), 

A solution of the (5R,4'F-5-hexyl-3-(3'-N-t-butoxycarbonyl-2',2'-dimethyl-

oxazolidin-4-yl)-2-isoxazoline (50b) (0.082 g, 0.23 mmol) in TFA/H 20 

(98:2, 1 ml) was stirred, at room temperature, for 30 minutes, the solvent 

was then evaporated in vacuo. The residue was dissolved in 

dichloromethane (2 ml) and stirred with saturated sodium carbonate 

solution (4 ml). The organic layer was separated and the aqueous phase 

extracted with dichloromethane (2 x 10 ml). The combined organic extract 

was washed with 10% sodium carbonate solution (10 ml), brine (10 ml), 

dried over MgSO4, and the solvent evaporated in vacuo. The resulting off-

white solid was subjected to dry flash chromatography (EtOAc/MeOH, 

19:1, with 5 drops of conc. ammonia per 50 ml) which furnished a white 

solid (31 mg, 63%) which turned slowly yellow on standing at room 

temperature. (Found: (M+H)+, 215.175942. C I1 H23N202  requires (M+H), 

215.17594); 8H  (200 MHz; CDCI3) 4.7-4.5 (1H, br.m, H 5), 3.9-3.5 (2H, br.s, 

CH20H), 3.2-2.95 (1 H, br.m, 1-14a), 2.75-2.5 (1 H, br.m, H40,  1.75-1.1 (Ca. 13 

H, br.m, 5xCH2 , NH2 , OH), 0.87 (3H, t, CH3). 
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To a stirred solution of the amino alcohol (57) (18 mg, 0.045 mmol) in dry 

dichloromethane (1 ml) was added a solution of ethyl benzimidate (16 

mg, 0.011 mmol) in dichloromethane (1 ml). After stirring at room 

temperature for 14 hours the solvent was evaporated and the residue 

subjected to preparative tic (EtOAc/hexane, 3:17), which furnished the title 

compound (47a) as a clear oil (11 mg, 44%), [a]D (200C) +24.5 0  (c 0.1 in 

CH2Cl2); 8H  (200 MHz; CDCI3) 7.97-7.92 (2H, m, ArH), 7.55-7.37 (3H, m, 

ArH), 5.20 (1 H, t, J 9.8 and 8.0 Hz, H4 	4.69-4.51 (3H, m, H5  

H5a  & H5b ox ), 3.17 (1H, dd, JH4aH4b  17.1 Hz, JH4a,45 10.4 Hz, H4a  isoxaz.)' 

2.66 (1H, dd, JH4bHU 17.1 Hz, JH&HS  8.6 Hz, H4bisoxaz ), 1.75-1.25 (1 OH, 

m, 5xCH2), 0.87 (3H, t, CH3). 

hesis of isoxazole- and 2-isoxazoline-3-aldoxim 

A solution of phenylacetylene (25.0 g, 236 mmol) and ethyl chloro-

oximidoacetate (36.7 g, 236 mmoi) in xyiene (200 ml) was heated under 

reflux for 24 hours. After cooling, the xylene was removed by rotary 

evaporation, and the residual red/brown oil solidified by standing in the 

fridge overnight. Recrystallisation from ethanol (x2) furnished (77a) as a 

colourless crystalline solid (35.8 g, 70%), m.p. 50-51.5°C (lit., 147  520C); 

Vm (Nujol) 1740 cm -1  (C=O); 8H  (200MHz; COd 3) 7.78-7.74 (2H, m, 

ArH), 7.48-7.41 (3H, m, ArH), 6.89 (1H, s, H 4), 4.44 (2H, q, J 7 Hz, 

OCH2CH3), 1.41 (3H, t, J 7 Hz, OCH2CH3); & (50 MHz; COd 3) 171.5, 

159.8, 156.8, (C=O, C 3, C5), 130.6, 128.9, 125.7 (PhCH), 126.4 (PhC), 

99.7 (04), 62.0 (OCH 2CH3), 14.0 (OCH 2CH3); m/z 217 (M', 89%), 171 

(33), 145 (32), 105 (100), 77 (45). 
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3.9.2. 3- thoxvcarbonyI-5-octyIisoxazoIe (77 b). 

To a stirred solution of ethyl chloro-oximidoacetate (4.87 g, 32 mmol) and 

dec-1-yne (8.84 g, 64 mmol) in diethyl ether (50 ml) was added, over Ca. 

32 hours at room temperature, a solution of triethylamine (3.64 g, 36 

mmol) in ether (40 ml). After the addition was complete the reaction was 

stirred for 1 hour, filtered through Celite, and the solvent removed in 

vacuo. The residue was flash column chromatographed (EtOAc/hexane, 

1:19) affording (77b) as a clear oil (6.42 g, 79%). A sample was 

Kugelrohr distilled (100°C, 0.005 mbar) (Found: A4* 253.1672. C 14H 23NO3  

requires M, 253.16778); vm (neat) 1665 (0=0), 1595 cm -1  (C=N); 6H (8O 

MHz; COd 3) 6.31 (1H, s, H 4), 4.34, (2H, q, J7 Hz, OCH2CH3), 2.71 (2H, 

br.t, cx-CH2), 1.73-1.0 (15H, br.m, 6xCH2 , OCH2CH3), 0.77 (3H, br.t, CH 3); 

8 (50 MHz, COO1 3) 175.4, 159.9, 156.0 (0=0, C3 , CO,  101.1 (0 4), 61.6 

(OCH 2CH3), 31.4, 28.8, 28.6, 27.1, 26.3, 22.3 (6xCH2), 13.8 

(CH3 OCH2CH3); m/z253(M, 21%), 168 (51), 155 (35), 96(51). 

3.9.3. 3-ethoxycarbonyl-5-phenyl-2-isoxazoli ne (77 c ).  

To a stirred solution of styrene (9.59 g, 92 mmol) and ethyl chloro-

oximidoacetate (7.0 g, 46 mmol) in ether (70 ml) at room temperature, 

was added, over 6 hours, a solution of triethylamine (5.25 g, 52 mmol) in 

ether (50 ml). After the addition was complete stirring was continued for 1 

hour, the reaction mixture was washed with water (2 x 150 ml), dried over 

MgSO4  and the solvent evaporated in vacuo. Excess styrene was 

removed by high vacuum rotary evaporation, and the residue Kugelrohr 

distilled (1 40°C, 0.2 mmHg) affording a clear oil (9.2 g, 91%) Vm  (neat) 

1720 (0=0), 1595 cm -1  (C=N); 8H (BO MHz; CDCI 3) 7.30 (5H, s, ArH), 5.70 

(1H, dd, JH5ma  11.3 Hz, JH5H& 9.2Hz, H 5), 4.27 (2H, q, J 7.1 Hz, 
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OCH2CH3), 3.58 (1H, dd, JH4aH4b 17.7 Hz, 	11.3 Hz, H4a), 3.09 (1H, 

dd, JHH 17.7 Hz, "H4bH5  9.2 Hz, H), 1.29 (3H, t, J7.1 Hz, OCH 2CH3 ), 

6c (50 MHz; CDCI3) 160.1 (C=O), 150.8 (C 3), 139.2 (PhC), 128.4, 128.2, 

125.5 (PhCH), 84.5 (C 5), 61.6 (OCH2CH3), 41.0 (C4), 13.7 (OCH2 CH3 ); 

m/z 219 (Mi, 4%),128 (19), 115 (23), 104 (100), 77 (35). 

3.9.4. 3- ethoxycarbonvl-5- octyl-2-isoxazoline (77 d). 

To a stirred solution of ethyl chloro-oximidoacetate (3.33 g, 21 mmol) and 

dec-i -ene (11.2 g, 80 mmol) in ether (150 ml) at room temperature, was 

added, over Ca. 7 hours, a solution of triethylamine (3.03 g, 30 mmol). 

After stirring for a further 1 hour the mixture was filtered through Celite 

and the solvent evaporated under reduced pressure. The residue was 

flash column chromatographed (hexane then EtOAc/hexane 1:19) which 

furnished (77d) as a clear oil (5.46 g, 100%). Kugelrohr distillation 

(110°C, 0.015 mmHg) provided an analytical sample (Found: C, 65.83; H, 

9.60; N, 5.66. C 14H25NO3  requires C, 65.8; H, 9.9; N, 5.5%); (Found: M 

255.1842. C14H25NO3  requires M, 255.18343.); Vm (neat) 1720 (C=O), 

1590 cm -1  (C=N); oH (80 MHz; CDCI3) 4.95-4.47 (1H, m, H 5), 4.26 (2H, q, 

J7.1 Hz, OCH2CH3), 3.19 (1H, dd, JH4aH4b  17.5 Hz, JH.I5  10.6 Hz, H4a), 

2.73 (1H, dd, JH&H4a  17.5 Hz, JH&H5  8.9 Hz, Hj, 1.67-1.20 (17H, m, 

7xCH2 , OCH 2CH3), 0.81 (3H, t, CH3); Oc  (50 MHz CDCI3) 160.6 (C=O), 

151.1(C3), 83.9 (C 5), 61.6 (OCH 2CH3), 38.1 (C 4), 34.8, 31.5, 29.1, 29.0, 

28.9, 24.8, 22.3, (alkyl chain CH 25), 13.8 (CH3 , OCH 2 CH3); m/z 255 (M', 

12%),182 (52), 142 (86), 116 (38), 114 (21). 

A solution of ethyl chloro-oximidoacetate (1.09 g, 7.25 mmol) and dec-5- 
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yne (1.0 g, 7.25 mmol) in xylene (20 ml) was heated under reflux for 23 

hours. The solvent was removed in vacuo and the residue flash column 

chromatographed (Et20/hexane, 3:97) to furnish the title compound 

(lie) as a clear oil (0.56 g, 31%) (Found: M 253.1617. C 14H23NO3  

requires M, 253.16778); Vm  (neat) 1730 (C=O), 1620 cm -1  (C=N); 6H  (80 

MHz; CDCI 3) 4.32 (2H, q, J 7.1 Hz, OCH2CH3), 2.72-2.37 (4H, br.m, 2xa-

CH2), 1.68-1.06 (11H, m, 4xCH2, OCH 2CH3), 0.92-0.71 (6H, m, 2xCH 3);8c  

(50 MHz, CDCI3) 170.9, 160.5, 154.1 (C=O, C 3 , CO,  115.4 (C4), 61.2 

(OCH 2CH3), 32.2, 29.4 (2xa-CH 2), 24.7, 22.1, 21.8, 21.5 (CH 2s), 13.7, 

13.4, 13.2 (3xCH3); m/z 253 (M'-, 13%), 224 (36), 196 (22), 180 (71), 138 

(100), 124 (24), 96 (23). 

3.9.6. 3-hydroxymethyl-5-phenylisoxazole (78). 

The title compound was prepared by the procedure reported by Wade 

and De Micheli. 134 

To a stirred solution of 3-ethoxycarbonyl-5-phenylisoxazole (77a) (7.9 g, 

36.1 mmol) in ethanol (200 ml), at room temperature, was added sodium 

borohydride (6.82 g, 180 mmol). After stirring for 5 hours tIc (Et 20/hexane, 

1:1) showed complete consumption of the ester. The reaction mixture was 

treated with water (200 ml), and after stirring for 30 minutes extracted with 

dichloromethane (4 x 100 ml). The combined organic extract was dried 

over MgSO4, and the solvent evaporated in vacuo; the resulting white 

solid was recrystallised from ethyl acetate to yield a white crystalline solid 

(5.4 g, 86%), m.p. 100-101°C (lit., 148  100-1020C); Vm (Nujol) 3320 cm -1  

(0-H); 6H  (80 MHz; CDCI3) 7.68 (2H, m, ArH), 7.39 (3H, m, ArH), 6.55 (1H, 

s, H 4), 4.76 (2H, 5, CH201H), 3.23 (1H, br.s, OH); Sc (50 MHz; CDCI3) 

170.1, 164.2 (C3 , CO, 130.0, 128.8, 125.6 (PhCH), 127.0 (PhC), 98.2 (C4), 
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56.5 (CH 20H); m/z 175 (Mi, 60%),145 (10), 105 (100), 77 (42). 

3.9.7. 3-formyl-5-phenyl 8 soxazole (79a). 

3.9.7.1 Oxidation of 3-hydroxymethyl-5-phenylisoxazole (78) with 

pyridinium chtorochromate (PCC). 111  

A solution of 3-hydroxymethyl-5-phenylisoxazole (78) (2.5 g, 14.3 mmol) 

in dry dichloromethane (10 ml) was added rapidly to a suspension of 

PCC (6.169, 28.6 mmol) in dichloromethane (120 ml). After stirring for 8.5 

hours a large amount of the alcohol had not been consumed (tIc, 

Et20/hexane, 1:1) so a second portion of PCC (3.1 g, 14.3 mmol) was 

added. After 30 hours the alcohol had been completely consumed. The 

reaction mixture was diluted with anhydrous ether (600 ml) and the 

solvent decanted off; the black residue was washed with dry ether (3 x 50 

ml). The combined extract was filtered through a pad of Florisil and the 

solvent evaporated in vacuo. Dry flash chromatography (Et 20/ hexane, 

1:4) afforded the title compound (79a) as a white powder (2.03 g, 82%), 

m.p. 57-58.5°C (lit .,  149 61°C); Vm  (Nujol) 1715 cm -1  (C=O); 8H  (80 MHz; 

CDCI3) 10.56 (1H, s, CHO), 7.85-7.71 (2H, m, ArH), 7.55-7.39 (3H, m, 

ArH), 6.85 (1 H, s, H 4); Sc (50 MHz; CDCI 3) 184.7 (CHO), 171.9, 162.4 (C 3 , 

CO, 130.8, 129.0, 125.8 (PhCH), 126.2 (PhC), 96.2 (C4); m/z 173 (Mi, 

66%), 105 (M-68, 100%). 

3.97.2. Reduction of 3-ethoxycarbonyl-5-12henylisoxazole (77a) with Di-

isobutylaluminium Hydride (DIBAL). 134  

To a stirred cooled (-78°C) solution of 3-ethoxycarbonyl-5-

phenylisoxazole (77a) (34 g, 157 mmol) in dry dichloromethane (500 

ml), under a nitrogen atmosphere, was added DIBAL (1 M in hexanes, 390 

ml, 390 mmol) at such a rate that the temperature did not exceed -65°C 
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(Ca. 1 hour). After stirring for a further 50 minutes, methanol (10 ml) was 

carefully added, followed by water (5 ml) and 10% aqueous HCI (70 ml). 

The reaction mixture was allowed to settle and as much solvent as 

possible was decanted off, the remaining sludge was filtered through 

Celite and the aluminium salt washed through with several portions of 

dichioromethane. The combined organic portions were dried over MgSO 4  

and the solvent evaporated in vacuo. The residue was subjected to flash 

column chromatography (Et 20/hexane, 1:9 then EtOAc) yielding 3-

formyl-5-phenylisoxazole (79a) as a white powder (23.05 g, 85%), m.p. 

54.5-55.5°C (lit., 149  61 0C) and 3-hydroxymethyl-5-phenylisoxazole (78) 

(3.45 g, 12%), m.p. 100-102°C (lit., 148  100-1020C). 

3.9.8. 3-form v!-5-oct vlisoxazole (79 b). 

To a stirred cooled (-78°C) solution of 3-ethoxycarbonyl-5-octylisoxazole 

(77b) (6.2 g, 24.4 mmol) in dry dichloromethane (100 ml) under a 

nitrogen atmosphere, was added DIBAL (1 M. in hexanes, 48.8 ml, 48.8 

mmol) at such a rate that the internal temperature did not exceed -65°C. 

When the addition was complete the reaction was stirred for a further 50 

minutes, then quenched with methanol (5 ml) and allowed to warm to 

room temperature. Aqueous HCI (200 ml, 5%) was added and the organic 

layer separated; the aqeous portion was extracted with dichioromethane 

(2 x 100 ml). The combined organic extract was dried over MgSO 4, and 

the solvent evaporated in vacuo furnishing a yellow oil (4.96 g); Kugelrohr 

distillation (70°C, 0.01 mbar) yielded a clear oil (4.39 g, 87%), (Found: M, 

209.1414. C 12H 19NO2  requires M, 209.14157); Vm  (neat) 1715 (C=O), 

1595 cm-1  (C=N); 8H  (80 MHz; CDCI3), 9.95 (1H, s, CHO), 6.29 (1H, s, H 4), 

2.71 (2H, br.t, a-CH 2), 1.69-1.16 (12H, m, 6xCH 2), 0.76 (3H, t, CH 3); Sc (50 

MHz; CDCI3) 184.7 (C=O), 175.8, 161.9 (C 3 , 
CO, 

 97.6 (C4), 31.5. 29.5, 
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28.8, 27.1, 26.4, 22.3 (6xCH 2), 13.8 (CH3); m/z 209 (Mb, 8%), 180 (23), 

124 (26), 111 (23), 83 (43), 68 (100). 

3.9.9. 3-formyl-5-phenyl-2-isoxazoline (79c) 134 

To a stirred cooled (-78°C) solution of 3-ethoxycarbonyl-5-phenyl-2-

isoxazoline (77c) (8.23 g, 37.5 mmol) in dry dichloromethane (120 ml) 

under a nitrogen atmosphere, was added DIBAL (1 M in hexanes, 75 ml, 

75 mmol) at such a rate that the internal temperature did not exceed 

-65°C. After stirring for a further 50 minutes, methanol (6 ml) was added 

and the reaction allowed to warm to room temperature. Aqueous HCl 

(100 ml, 5%) was added and the organic layer separated; the aqueous 

portion was extracted with dichloromethane (2 x 100 ml), and the 

combined organic extract dried over MgSO 4. Evaporation of the solvent 

in vacuo furnished a brown oil which was subjected to flash column 

chromatography (EtOAc/hexane, 1:19)1  yielding a clear oil (3.36 g, 51%), 

Vm (neat) 1690 (C=O), 1585 cm -l(C=N); 8H(80  MHz, CDCI3) 9.91 (1H, s, 

CHO), 7.42-7.19 (5H, m, ArH), 5.76 (1H, dd, JH 5H4a  11.3 Hz, JH5H4b 9.1 Hz, 

H5), 3.50 (1H, dd, JH4aFWb  17.6 Hz, JHUH5  11.3 Hz, H4a), 3.03 (1H, dd, 

17.6 Hz, JH&H5  9.1 Hz, H,); Sc  (50 MHz, CDCI 3) 185.2, 185.1 

(CHO), 158.6 (C3), 138.8 (PhC), 128.6, 128.5, 125.6 (PhCH), 85.6 (C 5), 

37.7 (C4); m/z 175 (Mi, 20%), 117 (36), 104 (100), 77 (30). 

1. Attempted Kugelrohr distillation of the crude aldehyde led to some decomposition. 

3.9.10. 3-form vI-5-octvl-2-isoxazoline (79 d). 

To a stirred cooled (-78°C) solution of 3-ethoxycarbonyl-5-octyl-2-

isoxazoline (77d) (6.0 g, 23.5 mmol) in dry dichloromethane (100 ml) 

under an atmosphere of nitrogen, was added DIBAL (1M in hexanes, 47 

ml, 47 mmol) over 10 minutes. After stirring for 1 hour the reaction was 



193 

quenched with methanol (5 ml) and allowed to warm to room 

temperature; aqueous HCl (200 ml, 5%) was added and the organic layer 

separated, the aqueous portion was extracted with dichloromethane (2 x 

100 ml). The combined organic extract was washed with water (200 ml), 

dried over MgSO4  and the solvent evaporated in vacuo to give an 

orange/brown oil. Kugelrohr distillation (100 00, 0.05 mmHg) furnished the 

title compound (79d) as a clear oil (3.61 g, 73%), (Found: M, 211.1566. 

C12H21 NO2  requires M, 211.15722); Vmax (neat) 1695 (0=0), 1585 cm -1  

(0=N); 6H  (80 MHz; CDCI3) 9.81 (1H, 5, CHO), 4.81-4.56 (1H, m, H 5), 3.08 

(1H, dd, JH4aH4b 17.3 Hz, JH4aH5 10.7 Hz, H4a), 2.62 (1H, dd, JH4bH4a  17.3 

Hz, "H4bH5  8.8 Hz, H4b), 1.68-0.98 (14H, br.m, 7xCH 2), 0.8 (3H, t, OH 3); öc 

(50 MHz, CDCI 3) 185.7, 185.6 (C=0), 159.1 (0 3), 85.1 (CO'  34.8 (0 4), 

31.5, 29.0, 24.8, 22.4 (alkyl CH 2s), 13.8 (OH3); m/z 211 (Mb, 4%), 182 (21), 

141 (19), 123 (12). 

3.9.11. 4.5-dibutvl-3- form vlisoxazole (79 e ). 

To a stirred solution of 4,5-dibutyl-3-ethoxycarbonylisoxazole (77e) (0.5 

g, 1.98 mmol) in dichloromethane (20 ml), cooled to -78°C and under a 

nitrogen atmosphere, was added DIBAL (1M in hexanes, 7.9 ml, 7.9 

mmol). After stirring for 1 hour the reaction was quenched with methanol 

(2 ml) and then allowed to warm to room temperature and poured into 

aqueous HCl (40 ml, 5%). The organic layer was separated and the 

aqueous portion extracted with dichloromethane (2 x 40 ml); the 

combined extract was dried over MgSO 4  and the solvent evaporated in 

vacuo yielding a straw-coloured oil. Flash column chromatography 

(Et20/light petrol, 1:4) furnished a clear oil (0.35 g, 83%), (Found: M, 

209.1419. C 12H 19NO2  requires M, 209.14157); Vm  (neat) 1710 (0=0), 
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1620 cm-1  (C=N); 6H  (80 MHz; CDCI3) 10.12 (1H, s, CHO), 2.79-2.43 (4H, 

br.m, 2xcz-CH 2s), 1.75-1.13 (81-1, m, 4xCH 2), 0.99-0.78 (6H, m, 2xCH3); 6c 

(50 MHz; COO13) 186.4 (CHO), 171.6, 159.7 (C 3 , C5), 114.1 (C4), 32.1, 

29.6, 24.7, 22.2, 22.1, 21.3 (6xCH 2), 13.6, 13.5 (2xCH 3); m/z 209 

(M,14%), 138 (16), 124 (14), 85 (31). 

3.9.12. 3-aldoximino-5-phenylisoxazole (80a), 

3.9.12.1. Preparation with Pyridine as the Solvent. 

To a stirred solution of hydroxylamine hydrochloride (4.21 g, 60.6 mmol) 

in pyridine (70 ml), at room temperature, was added a solution of 3-

formyl-5-phenylisoxazole (79a) (7.0 g, 40.4 mmol). Stirring was 

continued for 2 hours, the reaction mixture was then concentrated in 

vacuo, and the residue poured into water and extracted with ethyl acetate 

(3 x 100 ml). The combined organic extract was washed with water (2 x 

50 ml), 10% aqueous HCl solution (3 x 50 ml), dried over MgSO 4  and the 

solvent evaporated in vacuo to give a white solid. Recrystallisation from 

toluene furnished fine white platelets (6.88 g, 90%), m.p. 140-144°C, 

(lit., 149  1450C); Vmax (Nujol) 3220 cm -1  (0-1-1); 6H  (80 MHz; (CD3)200) 

11.20 (1 H, br.s, OH), 8.25 (1 H, d, JH 3.H4  0.4 Hz, HON=CH), 7.95-7.77 (21-1, 

m, ArH), 7.58-7.42 (3H, m, ArH), 7.02 (1H, d, 0.4 Hz H 4), 5C  (50 

MHz; (CD3)200) 168.5, 158.2 (C3, C 5), 138.7,138.6 (HON=CH), 129.4, 

128.0, 126.0, 124.7, (Ph), 95.6, 95.5 (C 4); m/z 188 (Me, 91%) 105 (100), 

77(82). 

3.9.12.2. Preoaration Using aTwo Phase System 

To an aqueous solution of sodium hydroxide (0.3 g, 7.5 mmol, 1.0 ml H 20) 

was added hydroxylamine hydrochloride (0.52 g, 7.5 mmol), followed by 



195 

a solution of 3-formyl-5-phenylisoxazole (79a) (1.0 g, 5.78 mmol) in 

chloroform (10 ml). A thick white precipitate formed immediately. The 

solvent was removed in vacuo and the solid suspended in ethyl acetate 

(50 ml) and shaken with 1 molar aqueous potassium hydrogen sulphate 

solution (this brought about the dissolution of the precipitate). The organic 

layer was separated and the aqueous portion extracted with ethyl acetate 

(2 x 50 ml); the combined organic extract was dried over MgSO 4  and the 

solvent evaporated under reduced pressure. Analysis of the product by tIc 

(EtOAc/hexane, 1:1) showed it to be a mixture of aldehyde and oxime. 

The mixture was resubjected to the reaction conditions (NaOH, 0.34 g, 8.4 

mmol; NH20H.HCI, 0.58 g, 8.3 mmol); after stirring for several hours a 

further equivalent of sodium hydroxide and hydroxylamine was added 

and the reaction stirred overnight. The work-up was carried out as 

previously described yielding an off-white powder. Recrystallisation from 

toluene furnished the oxime (80a) (0.76 g, 70%), m.p. 141-144°C (lit., 149  

145°C). 

3.9.13. 3-aldoximino-5-octvli2oxazole (80 b). 

To a stirred solution of hydroxylamine hydrochloride (2.44 g, 35 mmol) in 

pyridine (50 ml), at room temperature, was added a solution of 3-formyl-5-

octylisoxazole (79b) (4.21 g, 23 mmol) in pyridine (10 ml). After stirring 

for 90 minutes the reaction mixture was concentrated in vacuo, dissolved 

in ethyl acetate (50 ml) and washed with 10% aqueous HCI (3 x 60 ml), 

water (100 ml), then dried over MgSO 4. Evaporation of the solvent in 

vacuo gave a white solid which was recrystallised from hexane, 

furnishing the title oxime (80b) as a white powder (4.07 g, 89%), (5:1 

mixture of isomers) m.p. 79-89°C (Found: C, 64.0; H, 9.05; N, 12.04. 

C 12H20N 202  requires C, 64.25; H, 8.99; N, 12.49%); Vm  (Nujol) 3230 (0 
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H), 1595 cm -1  (C=N); 8H  (200 MHz; CDCI 3) 10.26, 9.751  (1H, br.s, OH), 

8.261, 7.68 (1H, 5, HON=CH), 6.75, 6.32 1  (1H, s, 1-14), 2.72 (21-1, t, a-Cl 2), 

1.7-1.0 (12H, br.m, 6XCH2), 0.84 (31-1, br.t, CI -13); 8c (50MHz; CDCI3) 174.3, 

157.7 (03 , 
CO, 

 141.2 (HON=CH), 97.8 (C 4), 31.6, 28.9, 27.2, 26.4, 22.4 

(CH2s), 13.9 (OH3); m/z 224 (A44- , 4%),141 (19), 126 (37), 71(20). 

1. Major isomer. 

3.9.14. 3-aidoximino-5-12henyl-2-isoxazoline (80 C). 

To a stirred solution of hydroxylamine hydrochloride (1.78 g, 25.7 mmol) 

in pyridine (40 ml) was added a solution of 3-formyl-5-phenyl-2-

isoxazoline (79c) (2.9 g, 16.5 mmol) in pyridine (5 ml). After stirring at 

room temperature for 1 hour the reaction mixture was poured into water 

(100 ml) and extracted with ethyl acetate (3 x 60 ml). The combined 

organic extract was washed with 5% aqueous HCI (3 x 60 ml), dried over 

Mg SO4  and the solvent evaporated in vacuo to leave a white solid, which 

was pure by tic (EtOAc/hexane, 1:4). An analytical sample was obtained 

by Kugelrohr distillation of a portion of the product (120 0C, 0.05 mmHg), 

m.p. 86-88°C (Found: C, 63.1; H, 5.30; N, 14.60. C 10H 10N202  requires C, 

63.14; H, 5.30; N, 14.73%); (Found: M,190.0743. C 10H 10N202  requires 

M, 190.07422); Vm  (Nujol) 3180 cm -1  (0-H); 8H  (200 MHz; COO13) 9.37 

(1H, br.s, OH), 8.15 (1H, s, HON=CH), 7.5-7.25 (51-1, m, ArH), 5.66 (1H, dd, 

11.1 Hz, JH5H&  8.6 Hz, 1-15), 3.56 (1H, dd, JH4m4b  17.3 Hz, 

11.1 Hz, 1-14a),  3.15 (1H, dd, JH4m4a  17.3 Hz, 	8.6 Hz, H,); 6c  (50 

MHz; CDCI3) 154.1 (C3),142.7  (HON=CH), 139.7 (PhC), 128.7, 128.4, 

125.8 (PhCH), 83.4 (0 5), 40.6 (C 4); m/z 190 (Me, 100%), 173 (27), 115 

(21), 104 (81), 77 (29). 
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3.9.15. 3-aldoximino-5-pctvl-2-isoxpzpline (80 d). 

3.9.15.1. Preparation Using Pyridine as the Solvent. 

To a stirred solution of hydroxylamine hydrochloride (0.82 g, 12.7 mmol) 

in pyridine (20 ml), at room temperature, was added a solution of 3-

formyl-5-octyl-2-isoxazoline (79d) (1.79 g, 8.46 mmoi) in pyridine (15 ml). 

After stirring for 90 minutes the reaction mixture was poured into water (50 

ml) and extracted with ethyl acetate (3 x 50 ml). The combined organic 

extract was washed with 10% aqueous HC1 (3 x 50 ml), water (50 ml), 

brine (50 ml), then dried over MgSO 4  and the solvent evaporated in 

vacuo to give a white solid. Recrystallisation from cyclohexane furnished 

a white powder (1.549, 81%) m.p. 100-102°C, 6H  (200 MHz; (CD3 )2C0) 

10.95 (1H, s, OH), 7.98 (1H, s, HON=CH), 4.73-4.57 (1H, m, H5), 3.22 (1H, 

dd, JH4aH4  17.1 Hz, H"H5 10.4 Hz, H4a), 2.77 (1H, dd, H4bH4a  17.1 Hz, 

8.4 Hz, H4b),  1.71-1.19 (14H, br.m, 7xCH 2), 0.88 (3H, t, CH 3); 3 (50 

MHz; (CD3)2C0) 153.7 (C3), 141.1 (HON= CH), 81.2 (CO,  37.0 (C4), 34.2, 

30.9, 24.5, 21.6 (CH 25), 12.6 (CH3); m/z 226 (Mf, 9%), 113 (M-113, 100%). 

3.9.15.2. Preparation Using a Two Phase System. 

To a solution of hydroxylamine hydrochloride (1.65 g, 23 mmol) and 

sodium hydroxide (0.94 g, 23 mmol) in water (5 ml) was added a solution 

of 3-formyl-5-octyl-2-isoxazoline (79d) (1.0 g, 4.7 mmol) in ether. After 

stirring vigorously for 5 minutes a thick white precipitate formed; 

chloroform (100 ml) was added to dissolve it. After 2 hours tic 

(EtOAc/hexane, 1:4) showed aldehyde remaining, a second equivalent of 

hydroxylamine hydrochloride and sodium hydroxide was added in water 

(15 ml) and stirred for 2 days at which time the reaction was complete. 

The organic layer was separated and washed with water (2 x 50 ml), 

brine (50 ml), dried over MgSO4  and the solvent evaporated in vacuo to 
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yield a white solid. Recrystallisation from cyclohexane furnished a white 

powder (0.83 g, 77%) (63:37 mixture of isomers) m.p. 89.5-91°C (Found: 

C, 63.7; H, 10.0; N, 12.40. C 12HN202  requires C, 63.7; H, 9.8; N, 

12.38%); Vm (Nujol) 3200 cm -1  (0-H); 5H  (80 MHz; (CD3)2C0) 10.85 

(1H, br.s, OH), 7.96 (0.63H, s, HON=CH), 7.27 (0.37H, s, HON=CH), 4.76- 

4.45 (1H, m, H 5), 3.76-2.57 (2H, m, H, H e), 1.73-1.02 (14H, br.m, 

7xCH2), 0.87 (1 H, t, CH 3); 8 (50 MHz; (CD3)2CO) 153.6 (C3), 140.8, 140.7 

(HON=CH), 80.9 (CO,  36.7 (C4), 34.1, 30.8, 24.4, 21.5, (CH 2s), 12.6 

(CH3); m/z 226 (Mi, 10%), 209 (14), 113 (100), 87 (10). 

3.9.16. 3-p!dpximino-4.5-dibutviisoxazo!e (80 e). 

To a stirred solution of hydroxylamine hydrochloride (0.31 g, 4.4 mmol) in 

pyridine (5 ml), at room temperature, was added a solution of 4,5-dibutyl-

3-formylisoxazole (79e) (0.75 g, 3.6 mmol) in pyridine (5 ml). After stirring 

for 30 minutes the reaction mixture was poured into ether (50 ml) and 

washed with water (2 x 40 ml), 5% aqueous HCI (30 ml), dried over 

MgSO4  and the solvent evaporated in vacuo, leaving a white solid. 

Recrystallisation from hexane furnished the title oxime (80e) as fine 

white needles (0.64 g, 79%), m.p. 84.5-85.5°C (Found: C, 64.0; H, 9.06; 

N, 12.3. C 12H20N 202 requires C, 64.29; H, 8.93; N, 12.5%); Vm (Nujol) 

3220 (0-H), 1620 cm -1  (C=N); 8H  (80 MHz; CDCI3) 8.74 (1H, br.s, OH), 

8.22 (1H, s, HON=CH), 2.76-2.40 (4H, br.m, 2xa-CH 2s), 1.66-1.13 (8H, m, 

4xCH2), 1.0-0.81 (6H, m, 2xCH 3); 8c(50  MHz CDCI3) 169.9, 156.1 (C3, 

CO, 142.3 (HON=CH), 113.3 (C 4), 31.7, 29.5, 24.7, 22.1, 21.9, 

(CH2s),13.6, 13.4 (2xCH3); m/z 224 (Me, 2%), 206 (23), 163 (41), 135 (14), 

121 (100), 85 (48). 
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3.9.17. Attempted Rearrangement of 3-aldoximino-5-phenylisoxazOle 

(80 a). 136  

To a stirred solution of the title oxime (80a) (0.66 g, 3.5 mmol) in ethanol 

(10 ml) was added 20% aqueous potassium hydroxide solution (3 ml). 

After refluxing for 105 minutes the reaction was cooled to room 

temperature and concentrated in vacuo. The residual yellow oil was 

diluted with water and adjusted to pH 5 with aqueous hydrochloric acid, 

then extracted with ethyl acetate (3 x 20 ml). The combined organic 

extract was dried over MgSO 4  and the solvent evaporated under reduced 

pressure furnishing an off-white solid (0.65 g, 98%) which was shown by 

tic (Et20/hexane, 1:1) and 1 H-NMR to be starting material. &H  (80 MHz; 

(CD3)2C0) 11.1 (1 H, br.s, OH), 8.23 (1 H, d, JH 3aH4  0.4 Hz, H), 7.95-7.83 

(2H, m, ArH), 7.58-7.45 (3H, m, ArH), 7.03 (1 H, Cl, JH4H3a  0.4 Hz, H4). 

3.10, Cycloaddition Reactions of isoxazole- and 2-isoxaz-

oHne-3-carbonitrlle Oxides. 

Four approaches to the generation of these heterocyclic nitrile oxides 

were investigated: 1) chlorination with chlorine gas followed by 

dehydrochlonnation of the isolated hydroximoyl chloride; 2) chlorination-

dehydrochlorination in the presence of chloramine-T; 3) treatment with 

sodium hypochiorite solution; 4) reaction with N-chlorosuccinimide 

followed by triethylamine. 

3.10.1. Use of Chlorine Gas to Generate the Hydroximoyl Chlorides, 

3.10.1.1. Attempted Chlorination of 3-aldoximino-5-phenylisoxazole 

(808)_ 

Chlorine gas was bubbled through a solution of (80a) (0.1 g, 0.53 mmol) 

in chloroform (5 ml), which had been cooled to Ca. 50C, for 10 minutes. 
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When all of the starting material had been consumed, (tic, light 

petroVEt20, 1:1) nitrogen was passed through the solution for 5 minutes 

then the solvent evaporated in vacuo. Preparative tic (Et 20/hexane, 1:1) 

furnished two components (6 mg of each) which were not identified. 

3.10.1.2. Chlorination of 3-aidoximino-4.5-dibutylisoxazole (80e). 139  

To a solution of chlorine (Ca. 71 mg, 0.1 mmol) in dry chloroform (13 ml) 

was added the 3-aldoximino-4,5-dibutylisoxazole (80e) (100 mg, 0.46 

mmol). After stirring overnight no oxime remained by tic (Et 20/hexane, 

1:1). The solvent was evaporated in vacuo yielding a yellowish oil (Vm 

(neat) 3250 (0-1-1), 760 cm -1  (C-Cl)). 

Treatment of a small portion of the oil with triethylamine in ether gave rise 

to a precipitate (Et3NHCl) which was filtered off; concentration of the 

filtrate in vacuo left an oil (Vm  (neat) 1620 cm -1  (C=NO2, furoxan). 140  

The remainder of the oil (120 mg) was dissolved in ether (6 ml), and hex-

1-ene (170 mg, 2 mmol) added. A solution of triethyiamine (60 mg, 0.6 

mmol) in ether (5 ml) was added over 7 hours. The reaction mixture was 

filtered through Celite and the filtrate concentrated in vacuo. Preparative 

tic (Et 20/light petrol, 1:3) afforded an oil (81 mg) 1 H-NMR suggests that 

the isoxazoline adduct is present along with some impurities. 

3.10.2. Use of Chloramine-T for in situ Nitrile Oxide Generation, 41  

310.2.1. 5-butvl-3- (5-Dhenvlisoxazol-3- vh-2-isoxazoline (83). 

A solution of 3-aldoximino-5-phenylisoxazole (80a) (0.259, 1.33 mmol), 

hex-i -ene (0.33 9,  3.99 mmol) and chioramine-T (0.41 g, 1.45 mmol) in 

dry methanol (25 ml) was refiuxed for 3.5 hours. Tic (Et 20/hexane, 1:1) at 

this stage showed incomplete consumption of the oxime. A further 



201 

equivalent of chloramine-T (0.41 g, 1.45 mmol) was added, and refluxing 

continued for a further 3 hours. The reaction mixture was poured into 

water (60 ml) and extracted with dichloromethane (4 x 30 ml). The 

combined organic extract was washed with water (50 ml), 1 molar 

aqueous sodium hydroxide (2 x 30 ml), again with water (50 ml), then 

dried over MgSO4, and the solvent evaporated in vacuo. The residue was 

subjected to dry flash chromatography (Et 20/hexane, 1:9) furnishing the 

title adduct (83) as a white solid (0.136 g, 38%), m.p. 101-102.5°C (from 

hexane) (Found: C, 70.9; H, 6.74; N, 10.4. C 16 H 18N202  requires C, 71.11; 

H, 6.67; N, 10.37%); (Found: M, 270.1366. C 16H 18N202  requires M, 

270.13682); 8H  (80 MHz; CDCI3) 7.83-7.71 (2H, m, ArH), 7.50-7.37 (3H, 

m, ArH), 6.90 (1H, s, H 4), 5.0-4.6 (1H, m, H 5), 3.48 (1H, dd, "H4aH4b  17.2 

Hz, J.jj p 10.3 Hz, H4a), 3.03 (1 H, dd, JH4bH4a  17.2 Hz, JHA4,H5  8.6 Hz, H40, 

1.8-1.2 (6H, m, 3xCH 2), 0.91 (3H, br.t, CH 3); 3c (50MHz; CDCI 3) 

170.3,156.0 (C3, C5  isoxazoie)'  149.4 (C3 isoxazoiine)'  130.4, 128.9, 126.7, 

125.8 (Ph), 97.2 (C4 isoxazoie)'  82.6 (C5  ixoine)'  38.7 (C4 iwxoiine)'  34.7, 

27.3, 22.3 (3xCH2), 13.8 (CH 3); m/z 270 (Me, 62%), 213 (89), 185 (78), 

116 (25), 105 (100). 

3.10.2.2. 5-octvl-3-(5-octylisoxazol-3-vh-2-isoxazoline (84). 

A solution of 3-aldoximino-5-octylisoxazole (801b) (0.75 g, 3.35 mmol), 

dec-i -ene (1.41 g, 10 mmol) and chloramine-T (2.24 g, 8.0 mmol) in dry 

ethanol was stirred under reflux for 14 hours. The reaction mixture was 

then poured into water (150 ml) and extracted with ether (3 x 50 ml). The 

combined organic extracts were washed with water (100 ml) then dried 

over MgSO4  and the solvent evaporated in vacuo. The residue was 

subjected to flash column chromatography (hexane then Et 20/hexane, 

2:98). The resulting white solid was recrystallised from hexane furnishing 
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the title compound (8 4) as a white powder (0.162 g, 13%), m.p. 60-61°C, 

8H (80 MHz; CDCI3) 6.37 (1 H, 	(5a-2) 0.7 Hz, H4 isoxazoje)' 4.954.52 

(1 H, m, H5 isoxazoiine)'  3.41 (1 H, dd, JH4aH4b  17.1 Hz, JH4aH5 10.3 Hz, H 4 

isoxazoline)' 2.96 (1H, dd, JH4bH4a  17.1 Hz, JH4bH5  8.6 Hz, 1-14b isoxazoline)' 2.74 

(21-1, br.t, J7.2 Hz, 5a-CH2), 1.77-1.01 (26H, br.m, 13xCH 2), 0.85 (61-1, br.t, 

2xCH3); 6c  (50 MHz, COd 3) 174.3, 155.4 (C3 , C5 jsoxazoie)' 149.6 (C3  

isoxazoline)' 98.6 (C4 isoxazole)'  82.4 (C5 isoxazoline)'  38.8 (C4 isoxazoline)' 35.0, 

31.7, 29.3, 29.0, 28.9, 27.3, 26.4, 25.2, 22.5 (CH 2s), 13.9 (CH3). 

3.10.3. Use of Sodium Hypochiorite Solution for in situ Nitrile Oxide 

Generation .35 

3.10.3.1. 5-12henyI-3-(5-12henvIispxpzp!e-3-y/-2-jspxpzp/ine (86). 

To a solution of 3-aldoximino-5-phenylisoxazole (80a) (0.5 g, 2.66 

mmol), triethylamine (13 mg, 0.13 mmol) and styrene (0.55 g, 5.32 mmol) 

in chloroform (20 ml) was added aqueous sodium hypochlorite solution 

(ca. 0.4 M, 2.7 mmol, 6.75 ml). After stirring vigorously for 3 hours tic 

(EtOAc/hexane, 1:3) showed unconsumed oxime; a further portion of 

sodium hypochiorite solution was added (3.5 ml, 1.4 mmol). After stirring 

for a further 45 minutes no oxime remained. Water (20 ml) was added to 

the reaction mixture and the organic phase separated, the aqueous 

portion was extracted with chloroform (20 ml). The combined organic 

extract was washed with water (50 ml), then dried over MgSO 4  and the 

solvent evaporated in vacuo, yielding a yellowish solid which was 

recrystallised from ethanol, furnishing the title adduct (86) as white 

needles (0.37 g, 48%), m.p. 143-144°C; (Found: C, 74.3; H, 4.86; N, 9.65. 

C 18H 14N202  requires C, 74.46; H, 4.86; N, 9.65%); 6H  (80MHz; CDCI3) 

7.85-7.73 (21-1, m, ArH); 7.51-7.32 (81-1, m, ArH); 6.98 (1 H, s, H4 isoxazole)' 
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5.80 (1H, dd, JH5H4a  10.9 Hz, "H5H4b 8.9 Hz, H5 isoxazoline)'  3.88 (1H, dd, 

"H4aH4b 17.4 Hz, JH4aH,5  10.9 Hz, H 4 isoxazoline), 3.42 (1H, dd, JH4tH4a  17.4 

Hz, JH4bH5  8.9 Hz, H4b isoxazoiine); öc (50 MHz; COd 3) 170.3, 155.5 (C 3 , C5  

isoxazoie)' 149.2 (C 3  isoxazoiine)'  139.7 (PhC), 130.3, 128.8, 128.6, 128.2, 

125.7, 125.68  (PhCH), 126.5 (PhC), 97.2 (C4 isoxazole)'  83.4 (C5 isoxazoline)' 

41.5 (C4 i xazoiine); m/z290 (M+, 27%), 128(11), 115 (21), 104 (100). 

3.10.3.2. 5-butyl-3-(5-phenyiisoxazol-3-yl)-2-isoxazoiine (83). 

To a solution of 3-aldoximino-5-phenylisoxazole (80a) (0.2 g, 1.06 mmol) 

and hex-1 -ene (0.89 g, 10.6 mmol) in dichloromethane (4 ml) was added 

an aqueous solution of sodium hypochlorite (Ca. 0.3 M, 3.7 ml, 1.1 mmol). 

After stirring vigorously for 4 hours tic (Et 20/hexane, 3:7) showed 

unconsumed oxime; a further portion of hypochiorite solution was added 

(4 ml, 1.17 mmol); after stirring overnight a third portion of oxidant solution 

was added (2 ml, 0.58 mmol). After 3 hours, water (20 ml) was added and 

the organic phase separated; the aqueous layer was extracted with 

dichloromethane (3 x 30 ml), and the combined organic extract dried over 

MgSO4. The solution was concentrated in vacuo and the product 

precipitated by the addition of light petrol. The solid was filtered and 

recrystallised from hexane furnishing a white solid (0.09 g, 31%), m.p. 99- 

100.5°C, 6H  (80 MHz; CDCI3) 7.85-7.70 (2H, m, ArH), 7.54-7.24 (3H, m, 

ArH), 6.91 (1 H, 5, H4 isoxazole)'  4.92-4.60 (1 H, m, H 5 	3.48 (1 H, 

dd, JH4aH4b 17.2 Hz, 	10.3 Hz, H4a  isoxazoline)' 3.03 (1 H, dd, JH4bH4a 

17.2 Hz, J8.6 Hz, H4bjsoxazoljfle), 1.86-1.16 (6H, m, 3xCH 2), 0.91 (3H, 

t, CH), SC  (50MHz; CDCI 3) 170.3, 156.0 (C 3 , C5 jsoxazoie)'  149.4 (C3  

isoxazoie)' 130.4, 128.9, 125.8 (PhCH), 126.7 (PhC), 97.2 (C4 isoxazole)'  82.6 

(C5  isoxazoiine)' 38.7 (C 4 isoxazoiine)'  34.7, 27.3, 22.3 (3xCH 2), 13.8 (CH3); m/z 

270 (Mi, 47%), 213 (78), 185 (79), 116 (24), 105 (100), 77 (56). 
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3.10.3.3. 5-octvI-3-(5-12henvIisoxazoI-3-vl-2-isoxazo!ine (85). 

To a stirred solution of 3-aldoximino-5-phenylisoxazole (80a) (0.5 g, 2.66 

mmol), dec-1-ene (0.75 g, 5.32 mmol) and triethylamine (20 mg, 0.19 

mmol) in chloroform (20 ml) was added aqueous sodium hypochiorite 

solution (Ca. 0.4 M, 11.75 ml, 4.7 mmol). After stirring vigorously overnight 

there was still some unreacted oxime (tic, EtOAc/hexane, 1:4). A second 

portion of sodium hypochlorite was added (11.75 ml, 4.75 mmol). After 

stirring for a further 2 hours the organic layer was separated and the 

aqueous portion extracted with chloroform (50 ml). The combined organic 

extract was washed with water (2 x 50 ml), then dried over MgSO 4  and 

the solvent evaporated in vacuo affording a white solid. Flash column 

chromatography (Et20/hexane, 1:19) followed by recrystallisation from 

ethanol furnished the product (85) as a white amorphous solid (0.45 g, 

51%), m.p. 98.5-99.5°C (Found: C, 73.6; H, 8.21; N, 8.54. C 20H 26N202  

requires C, 73.58; H, 8.03; N, 8.58%); 6H  (200 MHz; CDCI3) 7.82-7.75 (2H, 

m, ArH), 7.50-7.25 (3H, m, ArH), 6.92 (1 H, S, H4 ssoxazoie)'  4.83-4.71 (1 H, m, 

H5 isoxazoiine)'  3.46 (1 H, dd, JH4aH4b  17.2 Hz, JH4aH5 10.6 Hz, H4a  isoxazoine)' 

3.05 (1H, dd, JH&HU 17.2 Hz, JH4bW  8.4 Hz, H4b 	1.86-1.12 

(14H, br.m, 7xCH 2) 0.86 (3H, t, CH 3); 6c  (50 MHz; CDCI3) 170.2, 156.0 

(C3, C5  isoxazole)' 149.4 (C3 ixazoiine)'  130.4, 128.9, 125.7 (PhCH), 126.7 

(PhC), 97.2 (C4 isoxazoie)'  82.6 (C5  ,soxazoiine)' 38.7 (C4 isoxazoiine)'  35.0, 31.7, 

29.3, 25.2, 22.5 (CH2s), 14.0 (CH 3); m/z 326 (Mi, 5%), 213 (96), 185 (38), 

116 (16), 105 (100), 77(58). 

3.10.3.4 5-(pyrid-2-y0-3-(5-phenvllsoxazol-3-yh-2-iSOxaZOlifle (87). 

To a stirred solution of 3-aldoximino-5-phenylisoxazole (80a) (0.5 g, 2.66 

mmol) and 2-vinylpyridine (0.56 g, 0.57 ml, 5.32 mmol) in 

dichioromethane (20 ml), was added a solution of commercial sodium 
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hypochlorite (5% available chlorine) (40 ml). After stirring for 1 hour the 

reaction mixture was poured into ether (70 ml) and the organic layer 

separated. The aqueous portion was extracted with ether (2 x 30 ml), and 

the combined organic extract washed with brine (80 ml), dried over 

MgSO4  and the solvent evaporated in vacuo to yield a white solid. Flash 

column chromatography (EtOAc/hexane, 1:4 then 1:1) furnished two 

components, which were in order of elution: 4,5-di-(5-phenylisoxazol-3-

yl)furazan-N-oxide (65) (0.155 g, 31%), m.p. 177-181°C (from 

benzene/ethanol) (lit .,  129 1880C), 6H  (80 MHz; CDCI3 ) 7.89-7.70 (4H, m, 

ArH), 7.49-7.36 (6H, m, ArH), 7.28 (1H, s, H 4), 7.15 (1H, s, H4.); and the 

title adduct (87) (0.324 g, 44%), m.p. 135-136°C (from ethanol), (Found: 

C, 70.01; H, 4.47; N, 14.40. C 17H 13 N202  requires C, 70.09; H, 4.50; N, 

14.42%); 6H (300 MHz; CDCI 3) 8.6-8.55 (1H, m, Py-H 6), 7.82-7.78 (2H, m, 

ArH), 7.76-7.70 (1 H, m, Py-H 4), 7.53-7.46 (4H, m, ArH & Py-H 3), 7.28-7.23 

(1H, m, Py-H 5), 6.97 (1H, s, H 4  5.91 (1H, dd, 10.9 Hz, 

JH5Fi4b 7.8 Hz, H5 isoxazoiine)'  3.91 (1H, dd, JH4aH& 17.5 Hz, JHUH5  10.9 Hz, 

H4 isoxazoline)'  3.82 (1 H, dd, JH4bH4a  17.5 Hz, JH4bH5  7.8 Hz, H4b xazoiine); 

öc (75 MHz; CDCI3) 170.5, 155.5 (C3, C5 isoxazoie)'  155.2 (Py-C2), 149.5 

(C3 isoxazoiine)'  149.1 (Py-C 6), 136.5 (Py-C 4), 130.1 (Py-C3), 128.6, 125.4, 

120.3 (PhCH), 122.7 (PhC), 97.0 (C4 ,xazoie)'  83.0 (C5 oxazoiine)'  39.8 (C4  

isoxazoiine) m/z 291 (M', 4%), 274 (34), 261 (100), 213 (25), 117 (21), 105 

(57). 

3.10.3.5. 5-butvl-3- (5-octylisoxazol-3-vh-2-isoxazoline (89). 

To a stirred solution of 3-aldoximino-5-octylisoxazole (80b) (0.10 g, 0.45 

mmol) and hex-1-ene (0.37 g, 4.6 mmol) in dichloromethane (2 ml) was 

added aqueous sodium hypochlorite (Ca. 0.3 M, 0.9 mmol, 3.0 ml). After 

stirring vigorously for 1 hour a further portion of hypochiorite solution (0.5 
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ml) was added and stirring continued for a further 30 minutes. The 

reaction mixture was then poured into water and extracted with 

dichloromethane (3 x 20 ml). The combined organic extract was dried 

over MgSO4, and the solvent evaporated in vacuo to yield a yellow oil. 

Dry flash chromatography (Et 20/hexane, 3:97 then 5:95) furnished a 

white solid which was recrystallised from methanol to give the title adduct 

(89) (0.07 g, 51%), m.p. 53-54°C (Found: C, 70.80; H, 10.10; N, 9.40. 

C 18H30N 202  requires C, 70.54; H, 9.87; N, 9.14%); 6H  (80 MHz; CDCI3 ) 

6.39 (1H, S, H 4  isoxazole)' 4.84-4.68 (1H, m, H5 isoxazoiine)'  3.42 (1H, dd, 

"H4aH4b 17.2 Hz, JH4aH5  10.5 Hz, H4a  isoxazoline)' 3.01 (1 H, dd, 411-14bH4a  17.2 

Hz, JH4bH5  8.3 Hz, H4b isoxazoline)' 2.75 (2H, t, J 7.4 Hz, 5a-CH2), 1.8-1.26 

(18H, br.m, 9xCH 2), 0.94-0.83 (6H, 2t, 2XCH3); 6 (50 MHz; CDCI 3) 174.4, 

155.4 (C3, C5 isoxazole)' 149.6 (C 3  isoxazoline)' 98.7 (C 4  isoxazole)' 82.4 (C 5  

isoxazoiine)' 38.8 (C 4  isoxazoline)' 34.7, 31.7, 29.0, 28.9, 27.3, 26.5, 22.5, 22.4 

(CH2s), 13.9, 13.8 (2xCH 3); m/z (FAB ms) 307 [(M+H)+]. 

3.10.3.6. 5-(pvrid-2-yI)-3-(5-octvIiSOxazOI-3-yI)-2-1SOXaZO!ifle (88). 

To a stirred solution of 3-aldoximino-5-octylisoxazOle (80b) (0.50 g, 2.23 

mmol) and 2-vinylpyridine (0.47 g, 0.48 ml, 4.46 mmol) in 

dichloromethane (20 ml) was added dropwise, over 10 minutes, a 

solution of sodium hypochlonte (commercial, 5% available chlorine) (40 

ml). After 3 hours the reaction mixture was poured into water (50 ml) and 

extracted with ether (3 x 40 ml); the combined organic extract was 

washed with brine (50 ml), dried over MgSO 4, and the solvent evaporated 

in vacuo. The residue was subjected to flash column chromatography 

(EtOAc/hexane, 1:4) which furnished the title compound as a clear oil 

(0.55 g, 75%). A portion of the product was converted to the hydrochloride 

salt (ethereal HCI) which was recrystallised from Et 20/EtOH to provide an 
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analytical sample, m.p. 140-145°C (Found: C, 62.71; H, 7.22; H, 11.52. 

C 19H26C1N302  requires C, 62.71; H, 7.20; N, 11.55%); (the rest of the 

analytical data was obtianed for the free base) 6H  (300 MHz; CDCI3) 8.60 

1H, d, J4.7 Hz, Py-H 6), 7.74-7.69 (1H, m, Py-H 4), 7.49 (1H, d, J 7.7 Hz, 

Py-H3) 7.26-7.22 (1 H, m, Py-H5), 6.43 (1 H, S, H4 isoxazoie)'  5.87 (1 H, dd, 

11.0 Hz, JH5FI4b  7.6 Hz, H5 isoxazoiine)'  3.86 (1 H, dd, Jw 17.6 Hz, 

11.0 Hz, H4a isoxazoiine)'  3.76 (1 H, dd, JF14bH4a  17.6 Hz, "H4bH5  7.6 Hz, 

H4b isoxazoiine)' 2.77 (2H, t, J 7.5 Hz, 5a-CH2), 1.71 (2H, t, J 7.5 Hz, 5- 

CH2), 1.32-1.27 (1 OH, m, 5xCH 2), 0.89 (3H, t, J 6.9 Hz, CH3); 6 (75 MHz; 

CDCI3) 174.4, 154.8 (C 3, 05 isoxazoie)'  158.8 (PyC2)), 149.9 (03 iwxoiine)' 

149.4 (Py-C 6), 136.7 (Py-C 4), 122.9, 120.6 (Py-C 3 , CO,  98.7 (C4 jsoxoie)' 

83.1 (C5 isoxazoiine)'  40.2 (C4isoxazoline)'  31.6, 28.9, 28.8, 27.2, 26.4, 22.4 

(CH2s), 13.9 (CH3); m/z 327 (Mi, 6016), 297 (100), 249 (34), 156 (15), 121 

(20). 

3.10.3.7. 5-butvl-3-(4.5-dibutvlisoxazol-3-vI)-2-isoxazoline ( 82). 

To a stirred solution of 3-aldoximino-4,5-dibutylisoxazole (80e) (0.10 g, 

0.45 mmol) and hex-1-ene (0.337 g, 4.6 mmol) in dichloromethane (2 ml) 

was added aqueous sodium hypochlonte solution (ca. 0.3 M, 1.05 mmol, 

3.5 ml). Alter 6 hours tIc (Et 20/hexane, 3:17) showed a small amount of 

oxime remaining. A second portion of hypochlorite solution was added 

(1.0 ml). After stirring for a further 1 hour the reaction mixture was poured 

into water (20 ml) and extracted with dichloromethane (3 x 20 ml).The 

combined organic extract was dried over MgSO 4  and then the solvent 

evaporated in vacuo. The residue was subjected to flash column 

chromatography (Et20/hexane, 3:97) which furnished the cycloadduct 

(82) as a clear oil (0.128 g, 93%), (Found: M, 306.2301. C18H30N202 
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requires M, 306.23071); 5H  (200 MHz; CDCI 3) 4.67 (1 H, dddd, JH5FWa  10.5 

Hz, JH5H4t  8.4 Hz, H5CH2.5a  6.8 and 5.8 Hz, H 5), 3.43 (1 H, dd, JH4aH4b  17.1 

Hz, JFW.H5  10.5 Hz, H40, 3.02 (1 H, dd, JH4bH4 a  17.1 Hz, JH&H5  8.4 Hz, H40, 

2.68 (2H, t, 5a-CH 2), 2.55 (2H, dt, 4a-CH2), 1.72-1.23 (14H, m, 7xCH2), 

0.95-0.85 (9H, m, 3xCH3); 8 (50 MHz; CDCI 3) 169.9, 154.4 (C 31  C5  

isoxazole)' 150.3 (C3 isoxazoline)'  113.8 (C4 isoxazole)'  81.2 (C5 isoxazoline)'  39.9 

(C4  34.7, 31.8, 29.6, 27.4, 24.8, 22.3, 22.1 (CH 2s), 13.7, 13.5 

(CH3s); m/z 306 (Mi, 20%), 277 (69), 249 (100), 179 (19), 165 (10), 138 

(11). 

3.10.3.8. 5-(pvrid-2-yI)-3-(5-12henvl-2-isoxazolin-3-v!)-2-isoxazo!ine ( 90). 

To a stirred solution of 3-aldoximino-5-phenyl-2-isoxazoline (80c) (0.655 

g, 3.45 mmol) and 2-vinylpyridine (0.72 g, 0.74 ml, 6.89 mmol) in 

dichloromethane (20 ml) was added in a dropwise manner a solution of 

sodium hypochlorite (commercial, 5% available chlorine) (30 ml). The 

reaction was stirred for 20 minutes after completion of the addition, then 

poured into water (30 ml) and extracted with dichloromethane (3 x 30 ml). 

The combined organic extract was dried over MgSO 4  and then the 

solvent evaporated in vacuo. The residue was flash column 

chromatographed (EtOAc/hexane, 3:7 then 1:1) furnishing two 

components: a mixture (RR/SS)- and (RS/SR)-3,4-di-(5-phenyl-2- 

isoxazolin-3-yl)furazan-N-oxide (91) (0.136 g, 21%), SH  (300 MHz; 

CDCI3) 7.4-7.25 (10H, m, ArH), 5.84 (2H, dd, JH5H4a  8.9 Hz, JH5H4b 6.3 Hz, 

H5, both isomers), 5.81 (2H, dd, 8.9 Hz,JH5..4' 6.3 Hz, H 5. both 

isomers), 3.89-3.84 (4H, m, H4a  & H4a ', both isomers), 3.53-3.17 (4H, m, 

H, & H,., both isomers); m/z 376 (M', 6%), 254 (4), 172 (20), 128 (13), 

107 (36), 104 (100), 91(22), 77 (62): 
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a mixture of (RR/SS)- and (RS/SR)-5-(pyrid-2-yI)-3-(5-phenyl-2-

isoxazolin-3-y!)-2-isoxazoline(90), (0.504 g, 50%) (Found: C, 69.41; H, 

5.12; N, 14.26. C 17 1-1 15N302  requires C, 69.61; H, 5.15; N, 14.33%); SH 

(300 MHz; COd 3) 8.61 (1H, d, J4.8 Hz, Py-H 6), 7.75-7.69 (1H, m, Py-H 4), 

7.46 (1H, d, J7.8 Hz, Py-H 3), 7.41-7.31 (5H, m, ArH). 7.27-7.22 (1H, m, 

Py-H5), 5.83 (1 H, dd, 'H' 10.5 Hz, JH5,H4W 8.2 Hz, H 5 ), 5.72 (1 H, dd, 

H5H4a 11.1 Hz, JH5H&  8.6 Hz, H 5), 3.82-3.67 (3H, m, H4a, H4a', H4b'), 3.33 

(1H, dd, JH4bH4a  17.3 Hz, JH&H5  8.6 Hz, H40; 8C  (75 MHz; CDCI3) 159.4 

(Py-C2), 151.0, 150.4 P3,  CT) ,  149.5 (Py-C 6), 139.7 (PhC), 136.8 (Py-C 4), 

128.6, 128.3, 125.7 (PhCH), 123.1, 120.8 (Py-C 3  & CO, 83.7, 83.6 (C 59  

CO ,  41.4 (C4), 39.8 (C4 ); m/z 293 (Me, 15%), 276 (52), 263 (100). 

3.10.4. Use of N-chlorosuccinimide (NCS) for in situ Nitrile Oxide 

Generation.40  

General Procedure. 

To a stirred solution of NCS (1 equiv.) and pyridine (1 drop) in dry 

chloroform or 1 ,2-dichloroethane was added, in one portion, the oxime (1 

equiv.). After stirring for 2 hours at 30-40°C the dipolarophile (2 equivs.) 

was added followed by slow addition of triethylamine in the same solvent, 

by means of a motorised syringe pump (7-14 hours). After the addition of 

the base was complete stirring was continued for 1 hour before washing 

the reaction mixture with water (x3), then drying the organic layer over 

MgSO4. The residue, after evaporation of the solvent, was purified by 

flash column chromatography, recrystallisation, or both, to obtain the pure 

bis-heterocyclic adducts. 
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3.10.4.1. Cycloadducts of 5-phenylisoxazole-3-carboflitrile oxide. 

3.10.4.1.1. 5-12henyl-3-(5-phenyliSOXazOl-3-yI)-2-iSOXaZOlifle (86). 

Recrystallisation from methanol afforded clear needles (0.83 g, 54%), 

m.p. 143-144°C, 6H (80 MHz; CDCI 3) 7.85-7.73 (2H, m, ArH), 7.50-7.32 

(8H, m, ArH), 6.98 (1H, s, H4isoxoie), 5.79 (1H, dd, JH5H4a 10.9 Hz, JH5H& 

8.9 Hz, H5 isoxazoline)' 3.88 (1H, dd, JHo), 17.4 Hz, JH4aH5 10.9 Hz, H4a  

isoxazoline)' 3.42 (1 H, dd, JH4bH4a 17.4 Hz, JH4bH5  8.9 Hz, H 4 isoxazoline); öc 

(50 MHz; ODd 3) 170.3, 155.5 (C3 , 05  soxazole)' 149.2 (C3 ixazoIine)' 139.7 

(PhC), 130.3, 128.2, 128.8, 128.6, 125.7, 125.68 (PhCH), 126.5 (PhC), 

97.2 (C4 isoxazole)' 83.4 (0 5  isoxazoline)' 41.5 (0 4  isoxazoline) 

3.10.4.1.2 5octyl-3-(5-phenyIiSoXaZOl-3-yl)-2-iSOXaZOlifle (85). 

Recrystallisation from ethanol (or hexane) afforded a white gelatinous 

mass, which after vacuum filtration left a white amorphous solid (0.72 g, 

51%), m.p. 95.5-97°C, 6H (80 MHz; CDCI3) 7.84-7.67 (2H, m, ArH), 7.53- 

7.35 (3H, m, ArH), 6.91 (1 H, s, H 4  isoxazole)' 5.0-4.6 (1 H, m, H 5  isoxazoline)' 

3.48 (1 H, dd, JH4aH4b 17.2 Hz, JH4aH5  10.3 Hz, H4a  isoxazoline)' 3.02 (1 H, dd, 

JH&H4a  17.2 Hz, Jw1.i.8.7 Hz, H4bisoxazoline), 1.82-1.15 (14H, m, 7xCH2), 

0.87(3H, br.t,CH 3);m/z326(M, 12%), 213 (100), 185 (51), 116 (26), 105 

(92), 77 (50). 

3.10.4.1.3. 5-octyl-3-(5-phenylisoxazOl-3-YI)iSOXaZOIe (94). 

Flash column chromatography (EtOAc/hexane, 3:97) afforded (94) as a 

white solid (0.34 g, 40%), m.p. 75-76°C (from methanol) (Found: C, 74.1; 

H, 7.50; N, 8.80. C 20H24N202 requires C, 74.04; H, 7.46; N, 8.64%); 3H 

(200 MHz; CDCI3) 7.84-7.79 (2H, m, ArH), 7.52-7.45 (3H, m, ArH), 7.01 

(1 H, S, H 4  jsox.5-ph)' 6.53 (1H, S, H4 jsox-5..yI)' 2.81 (2H, br.t, 5a-CH 2), 1.74 
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(2H, m, CH2), 1.45-1.17 (1 OH, br.m, 5xCH 2), 0.87 (3H, br.t, OH 3); 80  (50 

MHz; CDCI 3) 174.8, 170.6, 154.9, 154.0 (03, C 3, , 05 , CO, 130.3, 128.9, 

125.7 (PhCH), 126.7 (PhC), 98.9, 97.4 (0 4, C4.), 31.6, 28.9, 27.2, 26.5, 

22.4 (CH 2s), 13.9 (OH3); m/z 324 (MI-,  67%), 307 (24), 240 (91), 226 

(100), 105 (86). 

3.10.4.1.4. 5-octadecyl-3- (5-phenylisoxazO!-3-yI)-2-iSOXaZOIifle (93). 

Recrystallisation from ethanol followed by suction filtration of the 

gelatinous mass furnished (93) as a white amorphous solid (0.89 g, 

72%), m.p. 100-102°C (Found: C, 77.1; H, 10.1; N, 5.93. C30H46N202  

requires C, 77.20; H, 9.93; N, 6.00%); 3H  (80 MHz; CDCI3) 7.84-7.72 (2H, 

m, ArH), 7.51-7.38 (3H, m, ArH), 6.91 (1H, s, H 4  isoxoe)' 5.02-4.57 (1H, m, 

H5 isoxazoline)' 3.48 (1 H, dd, JHHAb 17.2 Hz, J HuH5  10.3 Hz, H4a isoxazoline)' 

3.02 (1H, dd, JH4bH4a 17.2 Hz, JH&H5  8.75 Hz, H4bisoxazoljfle), 1.74-1.05 

(34H, br.m, 17xCH 2), 0.80 (3H, br.t, CH 3); ö (50 MHz; CDCI3) 170.4, 

156.1 (03, 0 5  isoxazole)' 149.4 (C3  isoxazoline)' 130.4, 128.9, 125.8 (PhCH), 

126.9 (PhC), 97.3 (04 i,xazoIe)' 82.7 (0 5  isoxazoline)' 38.8 (0 4  jrj j ne), 

35.0, 31.8, 29.5, 25.2, 22.5 (CH 2s), 13.9 (OH 3); m/z 466 (Me, 9%), 361 

(13), 213 (100), 187 (14), 185 (22), 105 (61), 77 (18). 

3.10.4.1.5. 4.5di-(5-12henylisoxazot-3-yflfUraZafl-N-oXide (65). 

To a stirred solution of NCS (0.28 g, 2.13 mmol) in chloroform (10 ml) was 

added 3-aldoximiflO-5-PheflYliSOXaZOIe (808) (0.40 g, 2.13 mmol). This 

was stirred at 40°C for 2 hours before adding triethylamine (0.24 g, 2.34 

mmol) in chloroform (2 ml) over 2 minutes. After stirring for 1 hour the 

reaction mixture was washed with water (3 x 30 ml), dried over MgSO4  

and the solvent evaporated in vacuo, affording a yellowish solid. 
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Recrystallisation from benzene/hexane (4:1) furnished the title compound 

(65)as a white powder (0.17 g, 43%), m.p. 180-182°C (lit.,I 29  1880C); 8H 

(80 MHz; CDCI 3) 7.92-7.76 (4H, m, ArH), 7.57-7.41 (6H, m, ArH), 7.31 

(1H, s, H4), 7.18 (1H, s, H4.). 

3.10.4.2. Cycloadducts of 5-octylisoxazole-3-Carboflitrile oxide. 

3.10.4.2.1. 5-12h enyl-3-(octyIisoxazOI-3-y!)-2-iSOXaZOIifle ( 95). 

Flash column chromatography (hexane then EtOAc/hexane, 7:93) 

followed by recrystallisation from methanol afforded (95) as fine 

crystalline platelets (0.52 g, 72%), m.p. 46-47°C (found: M', 326.1998. 

C20H26N 202  requires M, 326.19942); 6H (80 MHz; CDCI 3) 7.34 (5H, br.s, 

ArH), 6.44 (1 H, t, JH4H5u  0.8 Hz, H 4  isoxazoe)' 5.75 (1 H, dd, JH5H4a  10.9 Hz, 

8.8 Hz, H5  isoxazoiine)' 3.82 (1 H, dd, JH4ai-i4b 17.4 Hz, JH4aH5  10.9 Hz, 

H4a  isoxazoline)' 3.36 (1 H, dd, JH4H4a 17.4 Hz, JH&H5  8.8 Hz, H4b isoxazoline)' 

2.76 (2H, br.t, 5(x-CH 2), 1.81-1.10 (12H, m, 6xCH 2), 0.87 (3H, br.t, CH 3); 3 

(50 MHz; CDCI 3) 174.4, 155.0 (C3, C5  ,,xazoie)' 149.4 (C3  isoxazoline)' 139.9 

(PhC), 128.6, 128.2, 125.7 (PhCH), 98.73, 98.6 (C 4  isoxazole) 83.2 (C 5  

isoxazoline)' 41.7 (C 4  isoxazoline)' 31.6, 28.9, 27.2, 26.4, 22.4 (CH 2s), 13.9 

(CH3); m/z 326 (Me, 69%),115 (15), 104 (100), 91(17), 77 (15). 

3.10.4.2.2. 5-octyt-3-(5-octylisoxazol-3-yl)-2-iSOXazolifle (84). 

Recrystallisation from methanol afforded (84) as a white powder (0.37 g, 

57%), m.p. 60-61°C (Found: C, 72.7; H, 10.8; N, 7.74. CH 38N202  

requires C, 72.88; H, 10.56; N, 7.73%); 6H  (80 MHz; CDCI3) 6.36 (1H, t, 

J4(5a.cii.2) 0.8 Hz, H4 isoxazoie)' 4.75-4.62 (1 H, m, H5 isoxazoline)' 3.41 (1 H, 

dd, JH4aH4b, 17.2 Hz, JH4aH5  10.3 Hz, H4aisoxazoline), 2.96 (1H, dd, JH4bH4a 
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17.2 Hz, JH&H5  8.6 Hz, H4b isoxazone)' 2.73 (2H, br.t, isoxazole 5a-CH2), 

1.76-1.08 (26H, br.m, 13x0H2), 0.85 (3H, br.t, OH 3); 5 (50 MHz; CDCI 3) 

174.3, 155.5 (C 3 , C 5  soxazoie)' 149.6 (0 3  isoxazoiine)' 98.6 (0 4  isoxazole)' 82.4 

(C5  ,soxazoline)' 38.7 (C4 isoxazoline)' 35.0, 31.6, 29.3, 29.0, 27.2, 26.4, 25.2, 

22.5 (OH2s), 13.9 (CH3); mlz 362 (Mi, 8%), 249 (100), 221 (16), 81(10). 

3.10.4.2.3. 5pctpdecyI.3-(5-octyIisoxazO!e-3-VA-2-iSOXaZOIifle (96). 

Flash column chromatography (hexane then EtOAc/hexane, 1:9) followed 

by recrystallisation from ethanol afforded (96) as a white amorphous 

solid (0.56 g, 62%), m.p. 74-76°C (Found: C, 76.02; H, 11.16; N, 5.52. 

C32H58N 202  requires C, 76.43; H, 11.63; N, 5.57%); (Found: (M+H)+, 

503.45766. C32H59N202 requires (M+H), 503.45763); 6H (200 MHz; 

00013) 6.38 (1 H, d, H4 isoxazole)' 4.80-4.70 (1 H, m, H5 isoxazoline)' 3.41 (1 H, 

dd, JH4aH4b 17.2 Hz, J14j 10.6 Hz, H4a  isoxazoline)' 3.00 (1 H, dd, JH&H4a 

17.2 Hz, JHiH5  8.3 Hz, H4b isoxazoline)' 2.74 (2H, br.t, isoxazole 5a-CH2), 

1.73-1.15 (46H, m, 23xCH2), 0.86 (6H, br.t, 2xCH 3); & (50 MHz; CDCI 3) 

174.3, 155.4 (0 3 , C 5  soxazole)' 149.6 (0 3  isoxazoiine)' 98.6 (0 4  isoxazoie)' 82.4 

(05  isoxazoline)' 38.8 (C4  isoxazoline)' 35.0, 31.8, 31.7, 29.6, 29.3, 29.0, 27.3, 

26.4, 25.2, 22.5 (CH2s), 14.0 (CH3s); m/z (FAB ms), 503 [(M+H)+]. 

3.10.4.2.4. 5octyI-3-(5-octyIisoxazo3-yiSOXaZOIe (97) . 

Flash column chromatography (hexane then EtOAc/hexane, 1:19) 

followed by recrystallisation from ethanol afforded (97) as fine white 

platelets (0.23 g, 36%), m.p. 71-72°C (Found: C, 73.0; H, 10.1; N, 7.72. 

CH36N202 requires C, 73.29; H, 10.06; N, 7.77%); 6H (80 MHz; ODd 3) 

6.44 (2H, t, JCi-i) 0.8 Hz, H 4  &H4 ), 2.80 (4H, br.t, isoxazole 5ct-CH2), 

1.77-1.26 (24H, m, 12xCH2), 0.84 	(6H, 	br.t, 2xCH3); 
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8c (50 MHz; CDCI3) 174.6, 154.3 (0 3 , C3, , C5 , C5 ), 98.9 (0 4 , C4 ), 31.6, 

29.0,28.9, 27.2, 26.5, 22.5 (CH 2s), 13.9 (CH 3s); m/z 360 (M4, 59%), 343 

(37), 275 (68), 262 (100), 96 (36). 

3.10.4.3. Cycloadduct of 4.5-dibutylisoxazole-3-carbonitrile oxide. 

3.1 0.4.3.1 5-octyl-3-(4 .5-dibuty!isoxazol-3-vI)-2-isoxazo!ine (99). 

Flash column chromatography (hexane then EtOAc/hexane, 2:98) 

furnished the title compound (99) as a clear oil (0.093 g, 57%), (Found: 

M, 262.29260. CH 38N202  requires 262.29331); 8H  (200 MHz; CDCI3) 

4.70-4.58 (1H, m, H5), 3.41 (1H, dd, JH4aH4b  17.1 Hz, 	10.5 Hz, H40, 

3.01 (1H, dd, '4t*a  17.1 Hz, 	8.4 Hz, H40, 2.67 (2H, t, J7.5 Hz, 5a- 

CH2), 2.54 (2H, t, 4a-CH2), 1.73-1.23 (22H, m, 11xCH2), 0.94-0.80 (9H, 

OH3); 6c  (90 MHz, CDCI 3) 169.9, 154.4 (03 , C5 isoxazoie)'  150.3 (C3  

isoxazoiine)' 113.8 (C4 isoxazole),  81.2 (05 isoxazoline)'  39.9 (04 isoxazoline)'  35.0, 

31.8, 31.7, 29.6, 29.3, 29.2, 29.0, 25.3, 24.8, 22.5, 22.3, 22.1 (CH 2s), 13.9, 

13.7, 13.5 (3xCH 3); m/z 362 (M,13%), 333 (62), 249 (100), 191 (22), 177 

(15), 85 (23). 

3.10.4.4. Cycloadducts of 5-phenyl-2-isoxazoline-3-carbonitrile oxide. 

3.10.4.4.1. (RS/SR)- and (RR/SS)-5-phenyl-3-(5-phenyl-2-isoxpzolin-2-

yl)-2-isoxazoline (66a & b. 

Flash column chromatography (EtOAc/hexane, 1:19) furnished three 

compounds: the (RS/SR)-meso-cycloadduct ( 66a), a mixture of (66a & 

66b), the (RR/SS)-cycloadduct (66b) (combined yield 46%) and 

un reacted 3-aldoximino-5-phenyl-2-isoxazoli ne (80c). 

The first eluted component (66a) was isolated as a white crystalline solid 

(0.13 g, 21%), m.p. 169-172°C (from ethanol), (lit., 129  174-1750C); (Found: 
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M#- , 292.1202. calc. for C 18H 16N 202  M, 292.12117); 6H  (200 MHz; CDCI 3 ) 

7.44-7.33 (1 OH, m, ArH), 5.74 (2H, dd, 	11.1 Hz, JH5H4b 8.6 Hz, H 5  

&H5.), 3.75 (2H, dd, JHUH4b 17.3 Hz, 	11.1 Hz, H4a  & H4a'), 3.35 (2H, 

dd, JH4bH4a 17.3 Hz, JH4bH5 8.6 Hz, H4b & H40; 3c (50 MHz; CDCI 3) 150.6 

(C3  &C3.), 139.7 (PhC), 128.6, 128.3, 125.7 (PhCH), 83.7 (C5  & CO ,  41.3 

(C4  & C4.); m/z 292(M, 98%), 115 (26), 104 (100), 77 (42). 

The mixture of (66a) and (66b) was isolated as a crystalline solid (0.089 

g, 15%), m.p. 93-100°C. 

The third eluted component (66b) was isolated as a crystalline solid 

(0.062 g, 10%), m.p. 98-99°C (from ethanol), (ljt., 129  96-970C); (Found: M, 

292.1209. calc. for C 18H 16N202  M, 292.12117); 8H  (80 MHz; CDCI3) 7.35 

(10H, br.s, ArH), 5.74 (2H, dd, JH5H4a  10.9 Hz, JH5H4b  9.0 Hz, H 5  & H5.), 

3.76 (2H, dd, JH4aH4b  17.1 Hz, JHUH5  10.9 Hz, H4a  & H40, 3.31 (2H, dd, 

17.1 Hz, JH&H5  9.0 Hz, H& & H40, öc (50 MHz; CDCI 3) 150.6 (C3  

& C3'039.7 (PhC), 128.7, 128.4, 125.8 (PhCH), 83.8 (C 5  & CO, 41.4 (H 4  

& H4.); m/z 292 (Mi, 63%), 128 (18), 115 (24), 104 (77), 77(42). 

The fourth eluted component was unreacted 3-aldoximino-5-phenyl-2-

isoxazoline (800) (0.091 g, 23% recovery), m.p. 87-91 °C, (from ethanol), 

8H (80 MHz; CDCI3) 8.11 (2H, s, OH & HON=CH), 7.32 (5H, br.s, ArH), 

5.67 (1H, dd, JH5H4a  10.9 Hz, JH5H& 8.8 Hz, H 5), 3.58 (1H, ddd,JH.J.b 

17.2 Hz, JH4aH5  10.9 Hz, JH41H3 .. 0.7 Hz, H), 3.12 (1H, ddd, JHQ,HA  17.2 

Hz, JH&H5  8.8 Hz, JH&H3a  0.7 Hz, H). 

[.kW1 ;1 ;k*ii.1 11 

2-isoxazoline (lOOa & 1 OOb 1  

The title compounds were isolated as a separable pair of racemic 

diastereomerS in a combined yield of 53%. Separation was achieved by 
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flash column chromatography (EtOAc/hexane, 1:19). (lOOa) was 

recrystallised from methanol to yield an amorphous white solid (0.196 g, 

28%), m.p. 78-79.5°C (Found: C, 72.97; H, 8.57; N, 8.34. C 20H 28N202  

requires C, 73.1; H, 8.6; N, 8.5%); 6H (200 MHz; CDCI 3) 7.42-7.27 (5H, m, 

ArH), 5.71 (1H, dd, JH5F,4a  11.1 Hz, JH5FWb  8.6 Hz, H5), 4.78-4.65 (1H, m, 

H5.), 3.69 (1H, dd, JHUH&  17.2 Hz, 	11.1 Hz, H4a), 3.34 (1H, dd, 

'4i4a't,' 17.0 Hz, 	10.5 Hz, H.), 3.28 (1H, dd, JFWbH4a  17.2 Hz, 

J1...5  8.6 Hz, H), 2.94 (1 H, dd, JHu'H' 17.0 Hz, JH4b'H5'  8.4 Hz, H40, 

1.77-1.21 (14H, m, 7xCH 2), 0.88 (3H, t, CH3); 6c  (50 MHz; CDCI 3) 150.9, 

150.8 (0 3, C 3.), 139.8 (PhC), 128.6, 128.3, 125.7 (PhCH), 83.6, 82.9 (C 5 , 

CO, 41.4 (04), 38.4 (C4.), 35.0, 31.7, 29.2, 29.0, 25.1, 22.5 (CH 2s), 13.9 

(CH3); m/z 328 (M+, 100%), 215 (24), 130 (15), 115 (18), 105 (20), 91(16), 

77(16). 

(110 0 b) was recrystallised from methanol to give fine white platelets (0. 17 

g, 25%), m.p. 69-70°C (Found: M, 328.2149. C 20H28N202  requires M, 

328.21506); 6H (200 MHz; CDCI 3) 7.41-7.31 (5H, m, ArH), 5.71 (1H, dd, 

11.1 Hz, J8.7 Hz, H5), 4.74 (1H, dddd, JH5,H4,w 10.5 Hz, H5'H4b' 

8.4 Hz, JHTCH2 5.9, 6.8 Hz, 1-1 5.), 3.69 (1 H, dd, JHHA, 17.2 Hz, 11.1 

Hz, H), 3.35 (1H, dd, JH4eFWW 17.1 Hz, JH4WH5 ,  10.5 Hz, H40, 3.29 (1H, 

dd, JH&Ma 17.2 Hz, JFWbH5  8.7 Hz, He), 2.94 (1H, dd, JWWH4a,  17.1 Hz, 

Jt,'H5' 8.5 Hz, H.), 1.58-1.21 (14H, m, 7xCH 2), 0.88 (3H, t, OH 3); 6c  (50 

MHz; ODd 3) 151.0, 150.8 (C3, C 3.), 139.8 (PhC), 128.7, 128.3, 125.8 

(PhCH), 83.6, 83.0 (05 , CO, 41.4 (0 4), 38.5 (C 4.), 35.0, 31.7, 29.3, 29.0, 

25.2, 22.5 PH 2S), 13.9 (CF-I 3); m/z 328 (Me, 86%), 215 (22), 129 (19), 115 

(21), 105 (29), 104 (100), 91(29), 77 (34). 

1. Arbitrary assignment of stereochemistry. 
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3.10.4.5 Cycloadducts of 5-octyl-2- 8 soxazoline-3-CarbOnitrile oxide 

3.10.4.5.1. (RRISS)- and (RS/SR-5-octyl-3-(5-pheflyl-2-iSOXaZ0lifl3il) 

2-isoxazoline (lOOa & lOOb)l 

The title compounds (lOOa & lOOb) were isolated as a separable pair 

of racemic diastereomerS (0.152 g, 35%). Separation was achieved by 

flash column chromatography (EtOAc/hexane, 4:96) which gave three 

compounds. 

3-formyl-5-octyl-2-isOXazolifle (79d); 6H (200MHz; CDCI 3) 9.75 (1H, s, 

CHO), 4.91-4.75 (1H, m, H 5), 3.14 (1H, dd, '1H4aH4b 17.4 Hz, JH4aH5  11.0 

Hz, H4a), 2.72 (1H, dd, JH4tH4a 17.4 Hz, H&H5, 8.5 Hz, H40, 1.75-1.26 

(14H, m, 7xCH 2), 0.87 (3H, t, CH3); 6 (50 MHz; CDCI3) 185.8 (CHO), 

159.2 (C3), 85.3 (CO, 34.9 (C4), 31.7, 29.2, 29.1, 29.0, 25.0, 22.5 (6xCH 2), 

13.9 (CH3); m/z 211 (Me, 14%). 

(1 OOa) was isolated as an amorphous white solid after recrystallisation 

from ethanol (0.069 g, 15%), m.p. 77-78°C, 6H (200 MHz; CDCI 3) 7.41- 

7.30 (5H, m, ArH), 5.72 (1H, dd, J H5Hu  11.1 Hz, JH5H&  8.6 Hz, H5), 4.78-

4.70 (1 H, m, H5.), 3.70 (1 H, dd, JH 4aH& 17.2 Hz, JHuH5  11.1 Hz, H40, 3.35 

(1H, dd, JI'H,' 17.1 Hz, H4a'H5' 10.5 Hz, H 4 .), 3.30 (1H, dd, JH4bHu 17.2 

Hz, JHHS  8.6 Hz, H4b), 2.94 (1H, dd, J'o' 17.1 Hz, Jw'' 8.4 Hz, 

H40, 1.85-1.15 (14H, m, 7xCH 2), 0.88 (3H, t, CH3); 6  (50 MHz; Cod 3) 

151.0, 150.8 (C3, C3.), 139.8 (PhC), 128.7, 128.3, 125.8 (PhCH), 83.6, 

83.0 (C5 , CO, 41.4 (C4), 38.5 (C4.), 35.0, 31.7, 29.3, 29.1, 25.2, 22.5 

(CH2s), 13.9 (CH 3); m/z 328 (M', 69%), 215 (15), 129 (19), 115 (19), 105 

(29), 104 (100), 91(27), 77 (30). 

(lOOb) was isolated as white waxy platelets after recrystallisation from 

ethanol (0.083 g, 18%), m.p. 68-69.5°C, 6H (200 MHz; CDCI 3) 7.42-7.28 

(5H, m, ArH), 5.71 (1H, dd, JH5HU 11.1 Hz, JH5H&  8.7 Hz, H 5), 4.79-4.66 
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(1H, m, H5.), 3.69 (1H, dd, JH4aH4b 17.2 Hz, JH4aH5 11.1 Hz, H4 a), 3.35 (1H '  

dd, JHi.a'H' 17.0 Hz, I-ia'H5'  10.5 Hz, H40, 3.29 (1H, dd, JH4bH4a  17.2 Hz, 

JH4H5 8.7 Hz, H4b), 2.94 (1H, dd, JHU,'Ha'  17.0 Hz, JHU''  8.4 Hz, H40, 

1.75-1.20 (14H, m, 7xCH 2), 0.87 (3H, t, OH 3); 8C  (50 MHz, COO1 3) 151.0, 

150.8 (0 3 ,03'), 139.8 (PhC), 128.7, 128.3, 125.8 (PhCH), 83.6, 83.0 (0 5 , 

CO, 41.4 (04), 38.5 (C 4.), 35.0, 31.7, 29.3, 29.2, 29.1, 25.2, 22.5 (CH 2s), 

14.0 (OH3); mlz 328 (M', 100%), 215 (24), 130 (20), 129 (25), 115 (26), 

105 (37), 91(32), 77 (34). 

1. Arbitrary assignment of stereochemistry. 

3.10.4.5.2. (RS/SR)- and (RR/SS)- 5-octyl-3-(5-octy!isoxazolifl-3-y!)-2-

isoxazoline(101 a & bib). 

Dry flash chromatography (EtOAc/hexane, 6:94) was used to separate the 

mixture of diastereomeric adducts (101a & 101b) from other reaction 

components. This afforded the title compounds as a white powder (0.376 

g, 58%). Flash column chromatography (x2) (EtOAc/hexane, 4:6) on 110 

mg of the mixture allowed complete separation of the isomeric adducts. 

The first eluted isomer (101 a) was isolated as fine white flakes m.p. 124-

12500 (from hexane), (Found: C, 72.65; H, 11.10; N, 7.55. CH 40N202  

requires C, 72.5; H, 11.1; N, 7.7%); 8H (200 MHz; CDCI 3) 4.75-4.62 (2H, 

m, H5  & H5.), 3.30 (2H, dd, JH4aH4b  17.0 Hz, JH4aH5  10.5 Hz, H4a  & H4b), 

2.88 (2H, dd, "H4bH4a 17.0 Hz, JH&H5  8.4 Hz, H4b & H40, 1.73-1.20 (28H, 

m, 14xCH2), 0.87 (6H, t, 2xCH 3); öc (90 MHz; COO1 3) 151.1(03 , CO '  82.8 

(05 , CO, 38.5 (04, C4.), 35.0, 31.7, 29.3, 29.2, 29.0, 25.2, 22.5 (CH 2s), 

13.9 (OH3); m/z (FAB ms) 365 [(M+H)+]. 

The slower eluting isomer (101 b) was isolated as fine white flakes m.p. 

113-114.5°C (from hexane); (Found: C, 72.62; H, 11.06; N, 7.49. 

CHN202 	requires 	C, 	72.5; 	H, 	11.1; 	N, 7.7%); 
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H (200 MHz: CDCI3) 4.75-4.62 (2H, m, H 5  & H 5.), 3.29 (2H, dd, JH4aH4b 

17.0 Hz, JH4aH5 10.5 Hz, H4a & H4a'), 2.89 (2H, dd, JH4bHu 17.0 Hz, JH4*I5 

8.4 Hz, H4b & H.), 1.74-1.20 (28H, m, 1 4xCH 2), 0.87 (6H, t, 2xCH 3); öc 

(90 MHz; CDCI3) 151.2 (0 3, C3.), 82.8 (C5 , CO, 38.5 (C4, C4.), 35.0, 31.7, 

29.3, 29.26, 29.1, 25.2, 22.5 (CH2s), 13.9 (CH 3s); mlz (FAB ms) 365 

[(M+H)+]. 
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N) 
N) 

26a 	 CD 



Selected X-Ray Crystallographic Data for (26a) 

Bond Lengths(s) with standard deviations 

0(1) -C(1) 1.454(7) C(5IP)-C(56P) 1.391(6) 

0(1) - C(6) 1.357( 6) C(52P)-C(53P) 1.378( 7) 

N(2) - 	C(2) 1.494( 7) C(53P)-C(54P) 1.380( 8) 

N(2) - C(6) 1.276( 6) C(54P)-C(55P) 1.374( 8) 

C(1) - 	C(2) 1.538( 8) C(55P)-C(56P) 1.390( 7) 

C(2) - C(3) 1.428( 8) C(6) -C(61P) 1.450( 6) 

C(3) - C(4) 1.522( 7) C(61P)-C(62P) 1.401( 6) 

C(3) - 0(3) 1.476( 6) C(61P)C(66P) 1.386( 1) 

C(4) - C(S) 1.507( 6) C(62P)-C(63P) .379( ) 

C(5) - 	N(3) 1.278( 5) C(63P)-C(64P) 1.383( 7) 

C(5) -C(51P) 1.461(6) C(64P)-C(65P) .378( 7) 

0(3) - 	N(3) 1.410( 5) C(65P)-C(66P) 1.384( 6) 

C(51P)-C(52P) 1.405(6) 

Angles(degrees) with standard deviations 

C(1) -0(1) -C(6) 106.3( 4)  

C(2)-N(2) -C(6) 106.5(4) C(51?)-C(522)-C(53P) 120.5() 

0(1) - C(1) - 	C(2) 103.7( 4) C(52P)-C(53P)-C(54P) 120. 1-( 5) 

N(2) -C(2) - 	C(I) 103.6( 4) C(53P)-C(542)C(55?) 120.1( 5) 

N(2) - C(2) - 	C(3) 111.7( 5) C(54P)-C(55P) -C(56P) 120.6( 5) 

C(1) - C(2) - C(3) 113.4( 5) C(51P)-C(56P)C(55P) 120.0( 4) 

C(2) - C(3) - 	C(4) 118.4( 5) 0(1) 	- C(6) 	- N(2) 118.1( 4) 

C(2) - C(3) - 0(3) 108.2(, 4) 0(1) 	- C(6) 	-C(61P) 115.3( 4) 

C(4) - C(3) - 0(3) 104.5( 4) N(2) 	- C(6) 	-C(61P) 126.6( 4) 

C(3) - C(4) - C(S) 101.7( 4) C(6) -C(61P)-C(62P) 119.5( 4) 

C(4) - C(S) - 	N(3) 114.2( 4) C(6) 	-C(61P)-C(66P) 120.9( 4) 

C(4) - C(S) -C(51P) 125.3( 4) C(62P)-C(61P)-C(66P) 119.6( 4) 

N(3) - C(S) -C(SIP) 120.6( 4) C(61P)-C(62P)-C(63P) 119.0( 4) 

C(3) - 0(3) - 	N(3) 109.8( 3) C(62P)-C(63P)-C(64P) 121.2( 4) 

C(S) - t4(3) - 0(3) 109.7(  C(63P)-C(64P)-C(65P) 119.8( 4) 

C(S) -C(5IP)-C(52P) 120.8(  C(64P)-C(65P)-C(60P) 119.8( 4) 

C(S) -C(51P)-C(56P) 120.5( 4) C(61P)-C(66P)-C(65P) 120.6( 4) 

Torsion angles(degrees) with standard deviations 

C(6) 	- 0(1) - C(1) - C(2) 10.4(  t4(3) 	- C(S) 	-C(5IP)-C(52P) -13.1(  

C(1) 	- 0(1) - C(6) - N(2) -3.3( 61 N(3) 	- C(S) -C(51P)-C(56P) 165.9( 4) 

C(1) 	- 0(1) - C(6) -C(61P) 178.2( 4) C(3) 	- 0(3) 	- 14(3) 	- C(S) 2.2( 5) 

C(6) 	- N(2) - C(2) - C(1) 11.7(  C(S) 	_C(5IP)-C(52P)-C(53P) 179.0( 4) 

C(6) 	- N(2) - 	C(2) - C(3) 134.1( 5) C(56P)_C(51P)-C(52P)-C(53P) 0.0(  

C(2) 	- 14(2) - C(6) - 0(1) -5.8( 6) C(S) 	_C(51P)C(56P)-C(55P) - 178. 4 ( 4) 

C(2) 	- 14(2) - C6) -C(61P) 172.5( 4) C(52P)_C(51P)C(56P)-C(55P) 0.6( 6) 

0(1) 	- C(1) - C(2) - 	 14(2) -13.2( 5) C(5IP)_C(52P)-C(53P)-C(54P) 0.1( 7) 

0(1) 	- C(1) - C(2) - C(3) -134.5( 5) C(52P)_C(53P)C(54P)-C(5) -0.7( 8) 

N(2) 	- C(2) - C(3) - C(4) 69.5( 6) C(53P)_C(54P)C(55P)-C(56P) 1.3(  

14(2) 	- C(2) - C(3) - 0(3) -172.0( 4) C(54P)_C(55P)C(56P)-C(5) -1.3( 7) 

C(I) 	- C(2) - C(3) - C(4) -173.8( 4) 0(1) 	- C(6) 	-C(61P)-C(62P) 178.4( 4) 

C(S) 	- C(2) - C(3) - 0(3) -55.4( 6) 0(1) 	- C(6) _C(61P)-C(66?) -1.8( 6) 

C(2) 	- C(3) - C(4) - C(S) 123.8( 5) 14(2) 	- C(6) 	_C(61P)-C(62P) 0.1( 7) 

0(3) 	- C(3) - C(4) - C(5) 3.4( 4) 14(2) 	- C(6) 	_C(61P)-C(66?) 179.9( 4) 

C(2) 	- C(3) - 0(3) - N(3) -130.6( 4) C(6) _C(61P)-C(62P)C(63P) 179.9( 4) 

C(4) 	- C(3) - 0(3) - 	 14(3) -3.6( 5) C(66P)_C(61P)C(62P)-C(63P) 0.0( 6) 

-  - C(S) - 	 14(3) -2.4( 5) C(6) 	_C(61P)-C(66P)C(65P) 179.1( 4) 

C(3) 	- C(4) - C(S) -C(51P) 	178.2( 4) C(62P)_C(6iP)_C(66P)C(65 -1.O( 6) 

C(4) 	- C(S) - 	 14(3) - 0(3) 0.2( 5) C(61P)-C(62P)-C(63P)C(64 0.3( 7) 

C(SIP)- C(S) - 	 14(3) - 0(3) 179.6( 3) C(62P)_C(63P)C(64P)C(65?)  

C(4) 	- C(S) -C(51P)C(52P) 166.3( 4) C(63P)_C(64?)C(65P)C(66 -L.O( 7) 

C(4) 	- C(S) -C(51P)<(56P) -14.7(  C(64P)_C(65?)C(66P)C(67) i.5(  
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H-atom torsion ancles)d :E2S) with standard deviations 
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C(6) - 0(1) - C(1) -li(11,) 	129.1'( 

C(6) - 0(1) - C(1) -11(18) -10E.7( 
C(6) - t4(2) - C(2) - 11(2) -109.4 

0(1) - C(1) - C(2) - 11(2) 109.0( 

H(1P) - C(1) - C(2) - 11(2) -132.( 
B(1A) - C(1) - C(2) - 11(2) -10.1) 
H(1A) - C(1) - C(2) - C(3) 106.4 
11(18) - C(1) - C(2) - 11(2) 105.6) 
H(1B) - C(1) - C(2) - 11(2) -131.9( 
11(18) - C(l) - C(2) - C(3) -15.5( 
11(2) - C(2) - C(3) - 11(3) 	-47.5( 

- C(2) - C(3) - 11(3) 	69.1) 

11(2) - C(2) - C(3) - 11(3) -169.8) 
11(2) - C(2) - C(3) - C(4) 	-52.7) 

11(2) - C(2) - C(3) - 0(3) 	65.7) 

- C(3) - C(4) -H(4A) 	5.0) 

C(2) - C(3) - C(4) -11(48) -117.5) 
11(3) - C(3) - C(4) -H(4A) 	120.1 

11(3) - C(3) - C(4) -H(4B) 	-2.4( 

11(3) - C(3) - C(4) - C(S) -121.2) 
0(3) - C(3) - C(4) -H(4A) -115.3) 

0(3) - C(3) - C(4) -11(48) 	122.2) 

11(3) - C(3) - 0(3) - 11(3) 	114.0) 

H(4A) - C(4) - C(S) - 11(3) 116.3) 

H(4A) - C(4) - C(S) -C(SIP) -63.1) 

11(48) - C(4) - C(S) - 11(3) -121.2) 

!I(4B) - C(4) - C(S) -C(51P) 59.4) 
C(S) _C(51P)-C(52P)-H(52P) -0.9( 

C(56P)_C(51P)-C(52P)-H(52P) - 8 0  .0 

C(S) _C(5IP)_C(56P)11(56P) 1.5( 

6 	 :.)_C(51p)_C(56P)H(56P) 17 9.3( 5) 

6 	C( Sl?)_C(52P)_C(S3P)(53P) 17 9.9( 5) 

6) 52P)_C(52P)_C(53P) -H(53E') 	00( 8) 

6) (52?)_C(52P)C(53P) -C( 54 P) 79 . 9 (  

6) C(52?)_C(53P)-C(54P) -H( 54 P) 	179.3(  

6) 3)_C(53P)C(54P)H(5 4 P) 	-0.7( 9) 

7) )l(S3P)_C(53P)C(54P) -C(55P) 	179.3( 6) 

6) C(53P)_C(54P)_C(55P)(55P 178 . 7 ( 6) 

7) 54P)_C(54P)C(55P)11(55P) 	1.3( 9) 

6) (54P)_C(54P)_C(55P)-C(56r') -178 . 7 ( 6) 

6) C(54P)_C(55P)C(56P)(5 6 P) 	178.7( 5) 

6) (_C(55P)C(56P) -C(5) 	178.7( 5) 

6) E(55P)_C(55P)C(56P)i(5 6 P) 	-1.3( 8) 

7) C(6) 	_C(61P)C(62P)H(62P) 	0.0(7) 

6) C) 66P)_C(61P)C(62P)H(62P) 79 . 9 ( 5) 

7) C)6) 	_C(61P)-C(66P) -H(66P) 	-0.9(7) 

6) C(62P)_C(61P)_C(66P)(66P) 	179.0( 5) 

 C( 61P)_C(62P)C(63P)(63P)l 79 .G( 5) 

 (62P)C(62P)C(63P)(63P) 	0.3(  

) 
(62P)_C(62P)_C(63P)C(64P) 179 . 6 ( 5) 

5) C(62P)_C(63P)C(64P)-H(64P)179.9( 5) 

5) (63?)-C(63P)C(64P) - H(6 4 ') 	0.1( 8) 

6 1  H (63P) -C (6 3P) -C (64P) -C (65P) -179.8( 5) 

 C(63?)-C(64P)C(65P)11(65P) 	179.0( 5) 

 11(64P)-C(647)C(65P)(GS) 	-1.0( 8) 

5) (64?)_C(64P)C(65P)(66P) 	179.0( 5) 

6) C(64?)_C(65P)_C(66P)11(66P)78.5( 5) 

7) 65P)_C(65P)_C(66P)C(6'P)178 5) 

5) H(65P)_C(65P)_C(66P)-H(66E') 	1.5( 8) 

7) 
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Selected X-Ray Crystallographic Data for (45b) 

Bond Lengths() angles(degrees) and torsion angles(degrees) 

with standard deviations 

0(1) 	- C(2) 	1.358( 	3) N(7) 	- 0(8) 1.408( 4) 

0(1) - C(S) 	1.449( 	4) N(7) - 0(9) 1.065( 7) 

C(2) - N(3) 	1.278( 	4) C(1P) -C(2P) 1.388( 4) 

C(2) -C(1P) 	1.467( 4) C(1P) -C(6P) 1.393( 4) 

N(3) - C(4) 	1.475( 	4) C(2P) -C(3P) 1.389( 4) 

C(4) - C(S) 	1.546( 4) C(3P) -C(4P) 1.379( 4) 

C(4) 	- C(6) 	1.492( 	5) C(4P) -C(5P) 1.378( 4) 

C(6) -C(6') 	1.417( 	5) C(SP) -C(6P) 1.383( 4) 

C(6) 	- N(7) 	1.316( 	5) 

C(2) - 0(1) - C(S) 	106.59(21) C(6) - N(7) - 0(8) 108.3( 3) 

0(1) - C(2) - N(3) 	118.15(25) C(6) - N(7) - 0(9) 142.7( 5) 

0(1) - C(2) -C(1P) 	116.04(23) 0(8) - N(7) - 0(9) 108.8(  

N(3) - C(2) -C(1P) 	125.8( 3) C(2) -C(1P) -C(2P) 120.57(25) 

C(2) - N(3) - C(4) 	106.48(24) C(2) -C(1P) -C(6P) 119.35(25) 

14(3) - C(4) - C(S) 	104.60(24) C(2P) -C(1P) -C(6P) 120.1( 3) 

14(3) - C(4) - C(6) 	112.0( 3) C(IP) -C(2P) -C(3P) 119.4( 3) 

C(S) - C(4) - C(6) 	115.4( 3) C(2P) -C(3P) -C(4P) 120.3( 3) 

0(1) - C(5) - C(4) 	103.19(23) C(3P) -C(4P) -C(SP) 120.3( 3) 

C(4) -C(6) -C(6) 	132.7( 3) C(4P) -C(SP) -C(6P) 120.1( 3) 

C(4) - C(6) - 14(7) 	118.8( 3) C(1P) -C(6P) -C(5P) 119.8( 3) 

C(6) - C(6) - 14(7) 	108.5( 	3) 

C(S) - 0(1) -C(2) -14(3) 	-4.3( 3) C(S) - C(4) - C(6) -C(6) 74.1(  

C(S) - 0(1) - C(2) -C(1P) 	176.84(23) C(S) - C(4) - C(6) - 14(7) 	-106.2( 4) 

C(2) -0(1) -C(5) - C(4) 	8.5(3) C(4) - C(6) -14(7) -0(8) -178.7( 3) 

0(1) - C(2) - 14(3) - C(4) 	-2.5( 3) C(4) - C(6) - 14(7) - 0(9) 6.3( 9) 

C(1P) - C(2) - 14(3) - C(4) 	176.3( 3) C(6) - C(6) - 14(7) - 0(8) 1.1( 4) 

0(1) - C(2) -C(1P) -C(2P) 	9.2( 4) C(6') - C(6) - 14(7) - 0(9) -173.9( 7) 

0(1) - C(2) -C(1P) -C(6P) -170.57(25) C(2) -C(1P) -C(2P) -C(3P) 179.4( 3) 

14(3) - C(2) -C(1P) -C(2P) -169.6( 3) C(2) -C(1P) -C(62) -C(5P) -179.9( 3) 

14(3) - C(2) -C(1P) -C(6P) 	10.6( 4) C(6P) -C(1P) -C(2P) -C(3P) -0.8( 4) 

C(2) - 14(3) - C(4) 	- C(S) 	7.7( 3) C(2P) -C(1P) -C(6P) -C(5P) 0.3( 4) 

C(2) - 14(3) - C(4) - C(6) 	133.3( 3) C(IP) -C(2P) -C(3P) -C(4P) 0.8( 5) 

14(3) - C(4) - C(S) 	- 0(1) 	-9.7( 3) C(2P) -C(3P) -C(4P) -C(SP) -0.2( 5) 

C(6) - C(4) - C(S) - 0(1) -133.2( 3) C(3P) -C(4P) -C(5P) -C(6P) -0.3( 5) 

14(3) - C(4) - C(6) 	-C(6) 	-45.3( 5) C(4P) -C(SP) -C(6P) -C(1P) 0.3( 4) 

- 14(3) - C(4) - C(6) 	- 14(7) 	134.3( 3) 
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Selected X-Ray Crystallographic Data for (46a) 

iond 	Lengths(A) with standard deviations 

0(1) - 	 N(2) 1.4204(21) 0(1') 	-C(2) 1.362( 3) 
0(1) - C(S) 1.476( 3) 0(1') 	-C(S') 1.454( 3) 
N(2) - C(3) 1.274( 3) C(2') 	-N(3') 1.269( 3) 

C(3) - C(4) 1.492( 3) C(2) 	-C(2'1) 1.476( 3) 
C(3) -C(4) 1.501( 3) N(3') 	-C(4') 1.481( 3) 
C(4) - C(S) 1.512( 4) C(4') 	-C(5') 1.533( 4) 

C(S) -C(51) 1.503(3) C(2'1)-C(2'2) 1.380(4) 
C(51) -C(52) 1.387( 3) C(2'1)-C(2'6) 1.395( 3) 

 -C(56) 1.381(3) C(2'2)-C(2'3) 1.390(4) 
 -C(S3) 1.363( 4) C(2'3)-C(2'4) 1.376( 4) 

C(53) -C(54) 1.376( 4) C(2'4)-C(2'5) 1.374( 4) 

C(54) -C(SS) 1.377( 4) C(2'S)-C(2'6) 1.380( 4) 
C(SS) -C(56) 1.389( 4) 

C(4)  0.98( 3) C(4') 	-11(4') 0.982(24) 
C(4)  1.00( 3) C(S') 	-11(5'!) 1.008(24) 
C(S) - H(S) 0.978(23) C(S') 	-H(5'2) 0.992(24) 
C(52) -H(52) 0.936(24) C(2'2)-H(2'2) 0.93(3) 
C(53) -H(53) 0.88( 3) C(2'3)-H(2'3) 0.94( 3) 
C(54) 	-11(54) 0.96( 3) C(2'4)-H(2'4) 0.97( 3) 
C(SS) 	-H(55) 0.98( 3) C(2'5)-H(2'5) 0.96( 3) 
C(56) 	-11(56) 0.99( 3) C(2'6)-H(2'6) 0.95( 3) 

._.Ang1es(degrees) with standard deviations 

N(2) - 	 0(1) - C(S) 108.91(16) C(2') 	-0(1') 	-C(5') 	105.29(17) 

0(1) - 	 N(2) - C(3) 109.05(18) 0(1') 	-C(2') 	-N(3') 	118.78(20) 

N(2) - 	 C(3) - C(4) 114.46(20) 0(1') 	-C(2') 	-C(2'1) 	115.33(19) 

N(2) -C(3)-C(4') 121.39(20) N(3*) 	-C(2') 	-C(2'1) 	125.82(21) 

C(4) -C(3) -C(4') 124.15(20) C(2') 	-N(3') 	-C(4') 	105.96(19) 

 - 	 C(4) - C(S) 101.62(20) C(3) 	-C(4') 	-N(3') 	108.53(19) 

0(1) - C(S) - C(4) 104.13(19) C(3) 	-C(4') 	-C(5') 	111.56(20) 

0(1) -C(S) -C(51) 108.26(19) N(3') 	-C(4') 	-C(S - ) 	104.19(19) 

 -C(5) -C(51) 116.84(20) 0(1') 	-C(5') 	-C(4') 	103.42(19) 

C(S) -C(S1) -C(52) 120.70(21) C(2') 	-C(2'1)-C(2'2) 	121.43(21) 

C(S) -C(51) -C(56) 120.29(21) C(2') 	-C(2'1)-C(2'6) 	119.21(21) 

C(52) -C(31) -C(56) 118.99(21) C(2'2)-C(2'1)-C(2'6) 	119.32(22) 

C(51) -C(52) -C(53) 120.50(23) C(2'1)-C(2'2)-C(2'3) 	120.22(24) 

C(52) -C(53) -C(54) 120.18(25) C(2'2)-C(2'3)-C(2'4) 	120.16(24) 

C(53) -C(54) -C(55) 119.77(25) C(2'3)-C(2'4)-C(2'5) 	119.77(24) 

C(54) -C(55) -C(56) 120.12(25) C(2'4)-C(2'5)-C(2'6) 	120.73(24) 

C(51) -C(56) -C(55) 120.40(23) C(2'1)-C(2'6)-C(25) 	119.80(23) 

C(3) - C(4) -H(41) 113.1(15) C(3) 	-C(4') 	-11(4') 	109.8(14) 

C(3) - C(4) -H(42) 110.3(15) N(3') 	-C(4') 	-11(4') 	110.8(14) 

 - 	 C(4) -H(42) 106.2(22) 11(4') 	-C(4') 	-C(5') 	111.8(14) 

11(41) - C(4) - C(S) 112.9(15) 0(1') 	-C(5') 	-H(5'1) 	107.0(14) 

 - C(4) - C(S) 112.9(15) 0(1') 	-C(S - ) 	-H(5'2) 	105.6(14) 

0(1) - C(S) - H(S) 108.6(14) C(4') 	-C(5') 	-11(5'1) 	115.3(14) 

C(4) - C(S) - H(S) 110-:0 (14) C(4') 	-C(5') 	-H(5'2) 	112.4(14) 

H(S) - C(S) -C(51) 108.7(14) H(5'1)-C(5') 	-H(5'2) 	112.1(20) 

C(51) -C(52) -H(52) 120.8(13) C(2'1)-C(2'2)-}1(2'2) 	122.6(17) 

11(52) -C(52) -C(53) 118.7(15) H(2'2)-C(2'2)-C(2 	3) 	117.1(17) 

C(52) -C(53) -H(53) 121.3(17) C(2'2)-C(2'3)-H(2'3) 	119.9(16) 

11(53) -C(53) -C(54) 118.5(17) H(2'3)-C(2'3)-C(2'4) 	119.9(16) 

C(53) -C(54) -11(54) 121.2(15) C(2'3)-C(2'4)-H(2'4) 	119.2(15) 

11(54) -C(54) -C(55) 119.0(13) H(2'4)-C(2'4)-C(2'5) 	121.0(15) 

C(34) -C(55) -H(55) 121.2(16) C(2'4)-C(2'5)-41(2'5) 	121.3(16) 

11(55)   118.7(16) H(2'5)-C(2'5)C(2'6) 	117.7(16) 

C(31) -C(56) -11(56) 121.2(16) C(2'1)-C(2'6)H(2'6) 	117.0(16) 

C(SS) -C(56) -11(56) 118.4(16) C(2'5)-C(2'6)H(2'6) 	123.2(16) 
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Torsion ang1es(der 
C(S) - 0(1) - N(2) - C(3) 	-7.19(23) 
N(2) - 0(1) - C(S) - C(4) 	12.73(23) 
N(2) - 0(1) - C(S) -C(51) 137.71(18) 
0(1) - N(2) - C(3) - C(4) -1.9( 3) 
0(1) - N(2) - C(3) -C(4) 178.95(19) 
11(2) - C(3) - C(4) - C(S) 9.6( 3) 
C(4') - C(3) - C(4) - C(S) - 171.21(21) 
N(2) - C(3) -C(4) -?1(3) 126.79(22) 
N(2) - C(3) -C(4) -C(5) -118.98(24) 
C(4) - C(3) -C(4') -N(3) -52.3( 3) 
C(4) - C(3) -C(4) -C(S') 61.9( 3) 
C(3) - C(4) - C(S) - 0(1) -12.69(23) 

- C(4) - C(S) -C(51) -132.00(21) 
0(1) - C(S) -C(51) -C(52) -61.4( 3) 
0(1) - C(S) -C(51) -C(56) 117.16(23) 

- C(S) -C(51) -C(52) 	55.7( 3) 
C(4) - C(S) -C(S1) -C(56) -125.76(25) 
C(S) -C(51) -C(52) -C(53) 176.82(23) 
C(56) -C(51) -C(52) -C(53) -1.7( 4) 
C(S) -C(51) -C(56) -C(SS) -176.93(23) 
C(52) -C(51) -C(56) -C(55) 	1.6( 4) 
C(51) -C(52) -C(53) -C(54) 	0.3( 4) 
C(52) -C(53) -C(54) -C(SS) 	1.2( 4) 

N(2) - 0(1) - C(S) - H(S) -104.5(14) 
N(2) - C(3) - C(4) -11(41) 130.9(17) 
N(2) - C(3) - C(4) -11(42) -110.4(16) 
C(4') - C(3) - C(4) -11(41) -50.0(17) 
C(4) - C(3) - C(4) -H(42) 	6.6(16) 
N(2) - C(3) -C(4) -11(4) 	5.5(15) 
C(4) - C(3) -C(4) -H(4) -173.6(15) 
C(3) - C(4) - C(S) - Il(S) 103.5(15) 

11(41) - C(4) - C(S) - 0(1) -134.1(17) 
11(41) - C(4) - C(S) - H(S) -17.9(22) 
11(41) - C(4) - C(S) -C(51) 106.6(17) 
11(42) - C(4) - C(S) - 0(1) 105.5(17) 
H(42) - C(4) - C(S) - H(S) -138.3(22) 
11(42) - C(4) - C(S) -C(51) -13.8(17) 
H(S) - C(S) C(51) -C(52) -179.1(14) 
11(5) - C(S) -C(51) -C(56) 	-0.6(15) 
C(S) -C(51) -C(52) -H(52) 	-2.0(17) 

C(56) -C(S1) -C(52) -11(52) 179.4(17) 
C(S) -C(51) -C(56) -H(56) 3.9(19) 

C(52). -C(51) -C(56) -11(56) -177.5(19) 
C(S1) -C(52) -C(53) -11(53) -178.6(20) 
11(52) -C(52) -C(53) -11(53) 0.1(26) 
11(52) -C(32) -C(53) -C(54) 179.2(17) 
C(52) -C(53) -C(54) -H(54) -178.0(16) 
11(53) -C(53) -C(54) -11(54) 1.1(27) 
11(53) -C(53) -C(54) -C(55) -179.7(19) 
C(53) -C(54) -C(SS) -11(55) -179.1(19) 
11(54) -C(34) -C(55) -11(55) 	0.1(26) 
11(54) -C(54) -C(55) -C(56) 177.9(16) 

ees) with standard deviations 
-C(54) -C(55) -C(56) 	-1.3( 4) 
-C(S5) -C(56) -C(51) 	-0.1( 4) 

C(S) -0(1) -C(2) -N(3') 	6.3( 3) 
C(S) -0(1) -C(2) -C(21)-176.48(19) 
C(2) -0(1) -C(S) -C(4) -12.99(22) 
0(1) -C(2) -N(3) -C(4) 4.1( 3) 
C(2'1)-C(2) -N(3) -C(4) -172.88(22) 
0(1) -C(2) -C(21)-C(22) -9.5( 3) 
0(1) -C(2) -C(21)-C(26) 172.72(20) 
N(3) -C(2) -C(21)-C(22) 167.56(24) 
N(3) -C(2) -C(21)-C(26) -10.3( 4) 
C(2') -N(3') -C(4') - C(3) 107.00(21) 
C(2) -N(3) -C(4) -C(S) -11.98(24) 
C(3) -C(4) -C(S) -0(1) -101.75(21) 
N(3) -C(4) -C(S) -0(1) 13.14(23) 
C(2') -C(21)-C(22)-C(23)-177.40(23) 
C(2'6)-C(21)-C(22)-C(23) 0.4( 4) 
C(2) -C(21)-C(26)-C(25) 177.54(22) 
C(2'2)-C(2 I )-C(26)-C(2'5) -0.3( 4) 
C(21)-C(22)-C(23)-C(2'4) -0.2( 4) 
C(22)-C(2'3)-C(24)-C(25) -0.2(4) 
C(23)-C(24)-C(25)-C(26) 	0.3( 4) 
C(24)-C(2'S)-C(26)-C(21) 	0.0( 4) 

C(54) -C(55) -C(56) -11(56) 	179.1(19) 
11(55) -C(35) -C(56) -C(51) 	177.8(18) 
11(55) -C(55) -C(56) -11(56) 	-3.1(26) 
C(2) -0(1) -C(S) -H(51)-135.1(15) 
C(2) -0(1) -C(S) -H(52) 105.2(14) 
C(2') -N(3) -C(4) -H(4) -132.3(15) 
C(3) -C(4) -C(S) -H(S - 1) 14.7(16) 
C(3) -C(4) -C(S) -11(52) 144.9(15) 
N(3) -C(4) -C(S) -H(51) 131.6(15) 
N(3) -C(4) -C(S) -11(S2) -98.2(15) 
11(4) -C(4) -C(S) -0(1) 134.8(15) 
11(4) -C(4) -C(S) -H(51)-108.7(21) 
11(4) -C(4') -C(5) -H(S2) 21.5(21) 
C(2) -C(21)-C(22)-H(22) 5.0(20) 
C(2'6) -C(2'1)-C(2 - 2)-H(2'2)-177.2(20) 
C(2) -C(2'1)-C(26)-H(26) -1.8(19) 
C(2'2)-C(2'1)-C(2 - 6)-H(2 - 6)-179.7(18) 
C(2 1 )-C(22)-C(23)-1l(23)-179.8(19) 
H(22)-C(2'2)-C(2'3)-11(23) -2.1(27) 
11(22)-C(22)-C(23)-C(24) 177.6(19) 
C(22)-C(2'3)-C(24)-H(24)-176.5(17) 
H(23)-C(23)-C(24)-11(24) 3.2(26) 
H(2'3)-C(23)-C(24)-C(25) 179.5(19) 
C(23) -C(24)-C(25)-H(25)-176.1(18) 
H(24)-C(24)-C(25)-11(25) 0.1(26) 
H(24)-C(24)-C(25)-C(2'6) 176.5(18) 
C(24)-C(25)-C(26)-H(2'6) 179.3(20) 
11(2S)-C(2S)-C(26)-C(2 I) 176.4(18) 
I1(2S)-C(2'5)-C(2 6)-H(26) -4.2(26) 
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Selected X-Ray Crystallographic Data for (66a) 

Bond Lengths(?.) with standard deviations 

0( 1;,) -:(2) 1.405( 5) 0(18) -N(23) 1.409( 5) 

0(i) -C(E-A) 1.482( 6) 0(18) -C(52) 49f---  ( ) 

-C() 1.283(6) N(28) -C(3B) 1.274) 

C(3A) -c(;A) i.487( 6) C(3B) -C(4B) 1- 495( 7 

C(3A) -C(3A 	) 1445( 6) C(3B) -C 3B" 1.349(  

C(4A) -C(SA) 1.537(  C(4B) -C(5B) 1.525( 7) 

C(5A) -C(IPA) 1.485( 5) C(5B) -C(1PB) 1.480( 6) 

Angles(degrees) with standard deviations 

N(2A) -0(1-A) -C(SA) 109.9( 3) N(2B) -0(1B) -C(5B) 109.6( 3) 

0(1-A) -N(2P) -C(3A) 109.3( 4) 0(1-B) -N(2B) -C(3B) 109.2( 4) 

N(2A) -C(3A) -C(4A) 115.1( 4) N(2B) -C(3B) -C(48) 115.0( 4) 

N(2A) -C(3A) -C(3A) 118.7( 4) N(2B) -C(38) -C(3B - ) 119.5( 4) 

C(4A) -C(3A) -C(3A) 126.1( 4) C(48) -C(38) -C(3B) 125.4) 4) 

C(3A) -C(4A) -C(5A) 101.4( 4) C(3B) -C(4B) -C(5B) 101.2) 4) 

0(1A) -C(5A) -C(4A) 104.0( 4) 0(LB) -C(5B) -C(4B) 104.1) 4) 

0( 1A.) -C(5A) -C(IPA) 108.3(  0(18) -C(5B) -C(1P3) 108.2( 4) 

C(4A) -C(5A) -C(IPA) 117.0(  C(4B) -C(5B) -C(1PB) 116.4) 4) 

C(SA) -C(1PA)-C(2PA) 119.8( 3) C(5B) -C(1PB)-C(2PB) 119.5) 3) 

C(SA) -C(IPA)-C(SPA) 120.2( 3) C(5B) -C(1PB)-C(6PB) 120.5) 3) 

Torsion angles(degrees) with standard deviations 
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5) 
5) 

 
 
 
 
 

7) 
7) 

 
4) 

 
 
 
 

3) 
3) 

C(SA) -0(1-A) -N(2A) -C(3A) 	2.3) 

N(2A) -0(IA) -C(SA) -C(4A) 	-5.1( 

N(2A) -0(1A) -C(SA) -C(IPA)-130.2( 
0(1A) -N(2A) -C(3A) -C(4A) 1.7) 
0(IA) -N(2A) -C(3A) -C(3A)-179.9( 
N(2A) -C(3A) -C(4A) -C(SA) -4.8( 

C(3A)-C(3A) -C(4A) -C(SA) 177.0( 
N(2A) -C(3A) 3A')-C(4A) 1.9( 
C(4A) -C(3A) -C(3A)-N(2A) -1.9) 
C(3A) -C(4A) -C(SA) -0(1A) 5.5( 
C(3A) -C(4A) -C(SA) -C(IPA) 124.8( 
0(1-A) -C(SA) _C(IPA)-C(2PA) 56.5( 
0(1-A) -C(SA) _C(1PA)C(5PA)12 4  .4( 

C(4A) -C(SA) -C(1PA)-C(2PA) -60.5( 
C(4A) -C(SA) -C(1PA)C(5PA) 118.7( 
C(SA) _C(IPA)-C(2PA)C(3PA) 179.1( 
C(SA) _C(1PA)-C(5PA)C(6PA)1 79 ( 

 C(5B) -0(1-B) -N(2B) 	-C(3B) 	-4.3( 

4) N(2B) -0(1-B) -C(5B) 	-C(4B) 	8.5( 

3) N(2B) -0(1-B) -C(SB) 	-C(IPB) 	132.9( 

5) 0(18) -N(2B) -C(38) 	-C(4B) 	-2.2( 

 O(1B) -N(2B) -C(3B) 	-C(3B")-178.7( 

 t4(2B) -C(3B) -C(4B) -C(5B) 	7.3) 

4) C(3B)C(3B) -C(4B) -C(5B) -176.5( 

7) t4(2B) -C(3B) -C(3B)-C(4B) 	-3.9( 

7) C(4B) -C(3B) -C(3B")-N(2B') 	3.9( 

4) C(38) -C(4B) -C(5B) -0(1-B) 	-8.9( 

4) C(3B) -C(4B) -C(5B) -C(1PB)-127.8( 

4) 0(18) -C(5B) -C(1PB)-C(2PB) 	124.6( 

3) 0(1-B) -C(5B) -C(1PB)-C(6PB) -55.4( 

5) C(4B) -C(58) _C(1PB)-C(2PB)118.7( 

 C(4B) -C(5B) -C(1PB)-C(6PB) 	61.4) 

3) C(5B) _C(IPB)-C(2PB)C(3P8)17 9 - 9 ( 

3) C(5B) -C(1PB)-C(6PB)-C(5PB) 179.9( 



H-atom torsion angles with standard deviations 

N2 J1 A C5A H5 2.557 
14 2A-  c3p. 04A H4A1 11..932 0.535 
N2c C3A C4C H44-2 -i23454 
C3A C4 C--.A I-iSA -119.028 0. 
H4A1 C 4 A- CSA O1A -113.18.5 0.4E4 

4A1 C4A CZA HZA. !22.271 
H4AI C4A CZA CIPA 4.145 3 
H4A2 C4A CSA OIA 124.200 
H4A2 C4A CSA I-iSA  
H4A2 C4A CSA C1PA -114.470 
H54, C5 A. C1PA C2PA -179.014 
HZA GSA C1PA C5PA 0.141 
GSA 01PA C2PA H2PA -0.838 
C5PA C 1 P A C2PA H2PA -180.000 
GSA C1PA C5PA H6PA 0.65i 
C2FA C1PA CSPA H6PA -180.000 0.311 
CIPA C2PA C3PA H3PA -179714 
H 2PA C2PA C3PA C4PA 179. 926 0. 321 
H2PA C2PA C3PA H3PA 0.000 
C2PA C3PA C4PA H4PA 179.914 
H3FA C3PA C4PA C6PA -180.000 0. 321 
H3PA C3PA C4PA H4PA 0.000 0. 51 
C3PA C4PA C6PA H5PA 179.914 
H4FA C4PA C4PA C5PA -179.921 
H4PA C4PA C6PA H5PA 0.000 0. 
C4PA C6PA C5PA H6PA 179.914 0.321 
H5PA C6PA C5PA C1PA -180.000 0.321 
H5PA C61PA C5PA H6PA 0.000 0.517 
N2B 01B C58 HSB -110.421 0.533 
N28 C38 C4B H4B1 125.942 0.5 
N2B C3B C4B H4B2 . 	 -111.362 0.548 
C38 C4B C5B• - H5B 115.497 0.505 
H481 C4B C58 O1B -127.513 0.506 
H481 C4B C5B HSB -3.158 0.711 
H431 C48 C5B CIPB 113.515 0.542 
H462 C4B C5B 018 109.769 0.524 
H48.2 C46 C5B H5B -125.856 0.57 
H432 C4Ec CSB C1PB -9.163 
HSEI CSB C1PB C2PB 0.239 0.583 
H58 C5B C1PB C6PB -179.701 0.4i 

CIPB C2PB H2PB 0.093 0. 	33 
C4PEi CIPEc C2PB H2PB -179.712 
C58 C1PB C6PB H6PB -0.082 0.543 
C2FE' CIPp. C6RB H6PB -1791914 
C1PB C2PB C3PB H3PB -180.000 0.343 
HIPB C2FB C3PB C4PB -179.921 0.343 
H2P3 02PB C3P8 H3PB 0. 000 0. 541 
C2F3 C3PB C4PB H4P8 -18.0.000 
H3F3 C3PEc C4PB C5PB 179.921 0.38 
H3F3 C3PB C4PB H4PB ci. 000  
C3PP C4PEc C5PB H5PB -179.912 
H4P6 C4PB CSPB C6PB I 0. 343 
H4PEc C4PB CZPB HSPB 0.060, 
C4PB CSPB C6PB H6PB 179.912 0.343 
HSPB CSPB C6PB C1PB -1 779.921 
HSF3 CSPB C4PB H6FB 0.000 0. 541 
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